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AI2A 3Y 99 LA (Subarea Component)
2.1 @A (Weather)
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2.2 %SH(Hydrology)
2.2.1 7+% #<t(Rainfall Interception)

2.2.2 A% = (Surface Runoff)
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2.2.3 Aol 5 (Subsurface Flow)
2.2.4 &2 (Evapotranspiration)
A S
Ed 2 s T
2.2.5 84%(Snowmelt)
2.2.6 A strH A (Water Table Dynamics)

2.3 E% A2 (Soil Erosion)
2.3.1 =& (Water)
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2.3.2 vt (Wind)

7% 34

2.4 7}&£E% Z 24 (Manure Erosion)
2.5 %E(Nutrients)



2.5.1 A (Nitrogen)
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2.5.2 <1 (Phosphorus)
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.6 & A5 (Pesticide Fate)
2.7 E% £2%(Soil Temperature)
2.8 A& A& Zd(Crop Growth Model)
2.8.1 #A*A A (Potential Growth)
2.8.2 & A& (Water Use)

2.8.3 4E S<(Nutrient Uptake)
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.9 73(Tillage)

.10 Z+E 87 Alo](Plant Environment Control)
2.10.1 w}<=(Drainage)

2.10.2 #7N(Irrigation)

2.10.3 "] = (Fertilization)

2.10.4 =3}l (Liming)

2.10.5 a5 (Pests)

2.10.6 31% A% (Furrow Diking)



2.11 73 A A (Economics)

A 3% APEX 5% 8 4 (APEX Routing Component )
3.1 &&(Water)
3.1.1 49 @9 WH(Daily Time Step Method)
3.1.2 7 AF A5 =4 F2% 7] (Variable Storage Coefficient Flood Routing
Method)
3.1.3 3l9] 99 G- (Subarea Hydrographs)
3.1.4 &% F%(Flood
3.2 ¥4 & (Sediment)
3.3 &E(Nutirent)
3.4 5% (Pesticides)

Rout ing)

A4 AFA T4 L84 (Reservoir Component)
A5 A8l 8.4 (Groundwater Component)

A6% W& Q A (Grazing Component)

6.1 7F=% % 2 (Manure Management )

25 A B2
75 B 9%
5 C FaAs






A1Fd A&

lo
off
ol
P>
=1
td
Jo

i
o
i,
)
it
e w2 IR

APEX R 2 (Agricultural Policy/Environmental eXtender)< %
Helo &835t7] fsl EEAT. 2 Rde X&7beA, (vbE
m

Zol olgh) WA, A, WA L £, 24, 4% A%, 94 2 AF 59 8

ne @ o BX el A4S Wkl fs FAEAY. 4w 2se w,
e, A, #EW, W, SR, 0E, FERR wE, AR, A%A, &7 2
Ag AE, wop ¥, WE U 4e 5¢ EFAT. odd w3 B J% o9
APEX Be AT 71T/, Wate 9% WA @M stm AAH
MEA A, AUA H5 @ ulelevls A Axw A7 mE e Syl
8 Fopol B8E 4 A, ¥ wde A Bz Suy A% FFe Az B
wi onn o #e A uE mo PES 5 vk, 3 BaxelE £ do
oz Al WE R FEE @ & dvh. B4 AW, EF FF, AF, /e

Aget Ao R AEstE % .

APEX ®Rdlo] 7} Ix] % QA 1980t = H2lo] AAA | o3t oJska S
vz =2 Hrslr] & 7iegE EPIC(Environmental Policy Integrated C
2 (Williams =, 1984)o) 4 &= 2Qc}t. CREAMS(Knisel, 1980) 2 SWRRB(Williams
= 1985)9 tekd 9AZo] EPIC REES sdsiEd AFREHQT o] o
GLEAMS(Leonard &, 1987) E&o] woF & 7|wo] F7FErh. 19851 =7} RCA
A8 (Putman %, 1988) o]zl& o] EPIC & qol A3t NS AFH
Ao Qo] T Fe HAHL rojgg

Williams, 1995). EPIC RdoA ¥ w5 WA
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EAjolg B e B AM SWelM driHeor Ade v ¢ lws A8d vy
ofFold & dn. old @ FA4 WAUSTE T wW FF, 5, IHE HA 9
e, i ools % Askre] B 7&5‘4 FEAEE AL 4 oAd. 7 9 " A
F7olA (ghuobe], Aie) B f718) A, (&8, FR/mUE R f#714) 9
2w w5 5o 7 o50] shesitt. AlY HR B UMSEk ow AeoR
E= 54 A dehs G dolwts AMgetEs dAshs Ak b st GLEANS
o s e #2%, AE, HA489 ol #H L o8 aste] ok
A oqléé}%a AR EE A8 Al Aol 7] Wl #ee A7)
R

APEX =2 9 fd =24 APEX E4de ®HALA F9] Erath 2 Hopkins
FhEE oA TS #Esty] f8 7St @ (Flowers &, 1996) ¢ HA& R &
ed=dEs Aostr] fF WHoerE AR adE Hriste T3 A
32319 tH(Arnold 5, 1998). APEX R 2& Uy wojmul olygt B9k, & AZ
H5 2 soF Fol gk A dolgHol A5 Hfstal dvk. EgE 99 HolHE
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RIAox AAE ARG X @2 A o) ] oHorm QA St
RAES AASE] 27| E st (Williams 5, 2000).
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A A 79 (Point Rainfall)
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(X1°-1.)=2. /RST(3,M0)

Nicks(1974)¢] 7l
RF=XLV+RST(2,MO)+RST(1,M0)

2.1.1 735 (Precipitation)
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X1=(SND-R6)*R6+1. (1b)

R6=RST(3,M0)/6. (1c)

o171 RF= - (mm), MO= Z-5-7F LA &, RST op-34 1, 2, 32 ¥ A5

Pit, £F A L A% AW, NE EF T BRI,
EF A1 9 AR A4S FE £ 9% 4% o Bue £449 A% REES

AbEsle] A7t Aol diste HelE 2.

RF=(RST(1,M0)/ECF)+*(~1n(rnd))*™* (2)
o714 rnde wdE Aol F(0.071.0001M, ECFe 4714 Hit s HES e
HAgA G, EXPKE BE 1.072.0 Ate]d] wiZf@s= EXPK gte]l 245 U
ST A7 ARG, v g Aol 1.39] ghE T wEaee A
AE 7 AT BF= A((2)F 09 1744 At 72 4 Ao, =49 Aw
T UEaeE diote® Eps W Ay dd AeF dew

A FrFe 23 R FEFOR rolded P 49 e0F E3
EFe] RE(SIP(D)7F 0°C olsteld Mol MRS olvstm 84 %L
A9E A9 WA Aol
Ae HEL o8 & Pt 4% et Yo 9 YFoR gAT 5 Ao
7

PW=NWD/ND (3)
o 7|14 PWi= W7} 2 EEola, NID= H|7F & 9 4=, ND= 3 &9 ds=olt}. H|7}
oA ¢Fe I tpao H7l & FELS Py EFog 4

P(WID)=b1=PW (4)
o714 P(WID)E AXx3 & Ho v QE o] ojojd sHEoln, hle HE 0.670.9
HEd Jd= EEolt. nHeE ol HjeE do] ood FELS tS A4S ALE5Y

= 5 2=
SRS
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P(WIW)=1.0-b1+P(W|D) (5)

1714 P(WIW+= HIZF = th&ol Hle= do] ojojd gEoltt. bl=1.09 o He=

g AT el 9% A4 F=w. S PWID)=P(WIW=PWo]t}. Hitf=, &

= gl & d¥%S v, b1=0.0, P(WIW)=1.0, P(WID)=0. wetA bl=

b A4S BASAT vet o] Feli obrY G /1NA ek

B A Gl bl=0.75= P(WID)ol it mtHaele ddAE Atk HE A 49
]

=
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F7F ¥ ¥ 793 (Spatially Distributed Rainfall)
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A i SN L AR TR fF9 EE g4 A SHES Hole

Aqe] AgErt. v 2o o3 AAE R § oFe At FAET

XSL=3.*(XCU-XCS) (6)
o714 XSL2 - Aol x 2Adelar, XU k9l 99 FA T4 AW x
3ol XCSv= o9l d Al Y HA x FHdFelth. ¥ =AY YSLE AR
WA o AxbEn. wekd ' do] WEke] AAES Ad w9 Ae e
XCUANA FFHom XCSelM AMEoz Fofo] ynwks s, YCUdA HHo=
YCSollA "&Eow e #F99 Holo sidsts wE ST, olYd & AvVe
AR A TAol BE 9] ddddd o] FHSA FARE dojynFH
HASTH( A7 Fe5E 9o T4 IAH YHE 9] dodolA o B FS-
SAlol gt . A9 T4 uE A o FAHT

x=rnd#*XSL+2.. *XCS-XCU (7)
A7IA xi= A5 TAY x FHEolA rndv T Lo Folth. FARSE o] yEks

P
3 ar
AEse W ASEY. A FA ASEe 3

= - 1 =
‘ w7t ole] Aol tEsE

Ao 10709] fSp0] tiE LE 71 BaT]
Fge w3 A @A 99 F 9

AgET 357 wgE w9 ) =
w4 REA AR ARt 7 s 9ol AYsE 49 o 42
Ag-3te] AFE R

RF(§)=NSA*RF*ZTP(j)*TDST/SUM (8)
ZTP(j)=X2% (1. +BXCT*XCT(j))*(1.4BYCT*YCT(j)) (8a)
X2=1.0-DUR™-"7xD/ (Dtexp(2.291+0.00117+D) ) (8b)
D=sqrt ((x=XCT(j))*(y=YCT(j))*) (8¢)

71X RF= 43 o4 odFm)olw, NSA= aid F99] a9 99 Aol XCT

[¢}
ROVCT= skel 9deel FAde x By #Hmela, b= A AHVIRE, a8l
TAAN A5 T4 ke AR 9 A SHES AWshs sl 9l o A4S
5 7k Akel™, BXCTE FFolA AFom Azb 79 sk&(m kn'), BYCTE
FEA HFow AF 4 WEE(m ko), DE S 49 2 S FA 2
A2 (km), DR -3 A4 717k(h), TDSTE 0.87 1.2 Afelo] welo] sfdsh= 4zt
T EFE keIt SMe B okel Gl wig Z1Pe] Ao, j= 8¢
foe RAelvk. A 8 d YIRF A&H= Al Wi de WE 2xR, A5
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TMX+ND=TWMX+NWD+TDMXNDD (11)

o714 NDv= 199 dgola, NWDE H|oE Yo 4 NDDe 71Ax3 do Folt},

st Ale T4 10S 112 tAste] TIMKE siddteaxn 98 4 gtt.

TDMX=TMX+B2+ (‘TMX—-TMN) *NWD/ND (12)

A% PANL olgsW P77 med FiF AY = gol X U4 @

Hon ww dxa de AABe xdse WM A L=z zda:
Wa fARE et gel Wen we dAe Axd do B Re 9
4ot

RAW=b3*RAD (13)

o] 7|4 RAWE H]o: Yo dd Hy AAEFM m?), b3E 0.071.0 Atol9] AF
olz}o] ™  RAD:= HAZRTE Yo dd Ht Aot e A YA 0.59 b3 ko]

<l —
NEaee AYE BT, %3 o] A2 4 1194 dAEFS 252 X[335ta 24
1392 RAWE thA|go=Z4 vbd
RAD=RA=#ND/ (b3=NWD+NDD) (14)

o17]A4 RAE 4 it dAFFM m?)oltt.

Ao bsd dAFe e Aol os) A& shssi,

RAMX=30. *DD= (H*YLS*sin(SD)+YLC*cos(SD)*sin(H)) (15)
DD=1.4.0335*sin((IDA+88.2)/58.13) (15a)
SD=.4102*sin((IDA-80.25)/58.13) (15b)
CH=-tan(YLAT/57.296)*tan(SD) (15¢)
H=acos(CH);-1.0<CH<1.0 (15d)
H=0.0; CH>1.0 (15e)
H=3.1416;CH<-1.0 (15f)
YLS=sin(YLAT/57.296) (15g)
YLC=cos(YLAT/57.296) (15h)

o714, YLAT= 89 Ao $9%o]ar, SD
o] g=o|t},
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glere] Fwzbel ool DAY &F



wke] Zole ggo] Ao o) AsH,
HRLT=7.72*H (16)
o714 IRLTE A7 w912 A o] Zojolt,

2.1.3 ¥ (Wind)
%7] EPIC R4 (Richardson?} Wright, 1984)> it d¢
Eﬂé}ﬂ 943]1 /\}*O‘Q‘N‘ﬂr A= APEX 2] EE¥} WECS(Wind Erosion Continuous
A B So dHelHE dar jt,
= ARgshe] EojE.
ul0=al+U10#(~In(f))* (17)
of71A ulo2 &iF Lol f A F
a2 wiZpEoln. A 172 S <
SEs yehd Zojsk & ¢y, FE
o= EIE APEX RHel A QA Eo)
Bushl and9‘r Templeoll A o] Ao u=
w25y vd BAE= ZIA%S 0.1

ko
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off %
e, -
lo
ol
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) J>

& A2 B9 al g 2ANE 7Y 5 9

al=1.557x(a2)" "%xexp(-0.4336%a2) (18)

A 18 Ft & Ul0o] BEHA Frh. o714 uld gk HAe] et A7 T EHA
AAE = foh A BojEnh, A f(fo)ahe T2 A 1359 A 175 AHgste] tha3t
2o ez A4,

fo=exp((-u'/(0.0408+U10) ) #?) (19)
A71q u'e IA whE HE(m sHolg. of7)A fgho] FFE n|REAA Fo)
drAstt), (7 AASSE ' B 2 F5o] WAy, Hy dd 5L g5 A5
WAl S ALE-E| BolE T,

U10=bw1*U10(mo)*(~1n(rnd))"* (20)

o714 U10(mo)2 3l ¥(mo)e] H $59]3, rnde
f7) WMol bwleE Al 1894 AWE 7
AbEFE T, "9AL 2~ 9] Bushland®} Templeol] A9 ©lolE =



0.34 % o]t}.
NAHEEo 7 HzZoa HHzbe] d9E FAE F3S 7 X o] EA AEF
TEERFE APET. d5H BxRE TP ded 74 gE BERE
“mj= 7]% 7% (Climatic Atlas of
Jafo| A AlZE] = vlge] W 92 A3, wala] ol do]E AEglo] E3k

g

=
BT golA L 9AE Folwr),

mogth, £% W EAYAY B A FUSEE 45 DdE 49ar] 98
=g v 0F ¢ Azd do AU HE 00 R wAE thedt g

RHW=RHD+bh1x(1.0-RHD) (21)

o] 7] RHW+= H] o+ 29 A7t H4 AdsEo|al, RID= AxS d9o A7 HAA
A5 %, bhl:E 0.0~1.0 A}ole]l A ¢lxfo] o xAAoA 0.99] bhl ko)
Ay, ‘e W EAEF HEAA AwWet AXH AL WA AS ALESHd
U 2o s ds 5 9

RHD=(RH(mo)-bh1+NWD/ND)/(1.0-bh1*NWD/ND) (22)

1714 Ri= g doll et &7 B Fs=s dd.

-3k ZHERHIW E=E RHD)S 43 AUis=ES 2AA7]7] Y3 Az 2 ¥
AFgoz Agdt. 4z Bxo Avkx= -9 Ao o8] AAF).
RHU=RHP+(1.0-RHP) *exp(RHP-1.0) (23)
o714 RHUE 89 Lo AAE = A= 718 & Adisola, RIPE Az ¥ 9]

Aol (RHV = RHD). SH@A thee] Ao o8] 249,

RHL=RHP=(1.0-exp(-RHP)) (24)

o7]4 RILE 3% ol WAL 5 = A4 AUFE golth. 27zt meld B
AdEE kol Qe Rish ANHESF a7 g AHE ghe hgel Ao o
EXELD

RHG ' =RHG*RHP/RH (25)

4714 RHG'E AA 3
Azt AR g Eoeln] it AzFEe] Aot
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AdEE dolHE +3 4+ (e A ol vz A 755k, AEPX
ﬁg =

nale A 93i9t 93j5 AlESle] €W o1
ol g3t 4 Q1S A$ APEX R4 2o 28 Algste] €¥W dHo HUSEE
of| 53t}
RH=0.9-0.8+X1/(X1+exp(5.12-0.127%X1) (26)
X1=TMX-TMN (262)

7|4 TMXeF TMN=> ' Hrgh(Oeldh. 4 262 “Hds:Es =% WHele)
Hhe| g st A W3ty = 7F4 sloll doj X th(Hargreaveset Samani, 1985).

2.2 T (Hydrology)

2.2.1 7% AF(Rainfall Interception)

28 e 9%k g Zekd ofg-o] Ao 9 o5 7HEs).
RFI=RIMX*(1.0-exp(-bi*sqrt (TAGP*SMLA))) (27)
o714 RFI+= AdE Z$-(mm)ol™, RIMK:= ShtdHel] HA A 7153 Z9-(mm) o],
TAGPE= A3 #HE(t hah)olv], SMLAE &9 2&e] duA A5, bie A5(HE
0.Deltt. A 272 F4A, HzA, W5F
AREEY] e FAEJT. AU AdE o

oz "WoxA Hr},
RFV=RF-RFI (28)

o714 RV B ol =ddh= 79 (m) ot

2.2.2 AX & (Surface Runoff)
e EEde T dY AP ug 39 §FE5FY Hd FEES
2ol3itt, FEHS dFsy] dd 27kA wwlel AAEEd, s SCS(Soil
f & sty Green-Ampt

Gt o i o ol
A

e}

\d

Conservation Service) =& =4 A9 WIddE WA

A E2 (Green Ampt, 1911)°|t}. #&F I A5 7|HES

3 kg PR mFolA S MBSt =

T 7 e YEHE AMEeH fETE EYY 7Y, EAY & #
o) o] “(l)“ =

[ =
3 @A) ek, 4A ol% Asd AL 7
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GEE: HolEl & Abgahs
§% 24 Agel W 29 SHo B Add dur o FE wils
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A e dd deE2 AEd delErt § #&2 ARE tAS dHeolHun
g&4e)7] wEeln. #& I A T8 @RS 5o AEs AWstA
ot Zojvk. webA Green-Ampt WHio] Ao ® AAET. AW A= Green-
Amptoll a3 &5 AFstr] 9l FEHoR AYFE vihHser S 7]
HrAoR Eakdn

Ad frEES A58k de 27bA AdEe] et stue A" fre
B ol thE shb= SCS TR-55 W o] vh(USDA-SCS, 1986). 2% Folxl dd 2§
2odl g Amewt A AU fFEEe] AL &Y AdE AT
?stol gE4 245 fre] WAAN T

%% (Runoff Volume)
& F4Y (SCS Curve Number Method)

SCS fr& 425 o] &ete] dY A9FoRRE W FEFS oA SIoHUDA,
Soil Conservation Service 1972).

Q=(RFV-0.2%s)%/(RFV+0.8%s);  RFV>0.2%s (29)
Q= 0.0;  RFV<0.2%s

= BEGFE AR e (Y
ARG AZ). EFFE AR A5FY sk EY, EXA $%, ¥ 2 AAEst
B WEkal Akl w g el AHTt, o] wAME s

SCS 2ol 93l 24 =]4=(CN) <}
s=254.%(100./CN-1.) (30)

21 30004 A4 254 inchet mme] B Agkolth. whebA REV 2 QE mm T E
F@ET. FEEA 20 dF Hd Ag £= B 34 A, eSS FEE
A-AAME AREste] oW A ol=x] AHglel HAA 4SS F UTHUSDA, Soil
Conservation Service, 1972). o] A A= EY EA og I g F9
QA0S mydtl. o] oMol (N2 Fhol 5%2] ARl AHHAslts 714 sl g
AALEC g #hs 24dsr] 9 s S dslt.

sos=so*(1.1-STP/(STP+exp(3.7+0.02117+STP) ) ) (31)
AZNA sesi= DA whel 2 E oot dEE /A4 wiZfE S STP+= slld 9 ¢
Hat Aotk (N ¢k, $exzd 1(d2)d gk fF 4 A5, (Nl A58t
Na3(F) @t% =5 QbiA ol &2 AAH ] k. AL 4ol A N B (N>t
218 &3l CNooF T o] Q)

CN1=CN2s=20. #Ca/ (Cotexp(2.533-0.0636%C2) ) (32)

el



CN3=CNas*exp(0.00673*Cz) (33)

C2=100.-CNzs (33a)

2w G= Ao wel Wslsled TE ol EY w9
wzoltk. #HA  FEIdRES VIS A G =
o =g thH(USDA, Soil Conservation Service, 1972). CREAMS X2 (Knisel, 1980)<&
UhS-o] Ay WA AS AFRSl] & EF i Sheko] A fyE A .

s=s1%(1.0-FFC) (34)
o714 s1= (N1 #HEE FrolH, FFCE 238559 E3o|t}. FFCE ta9 29
o) At=H).

FFC=(ST-WP)/(FC-WP) (34a)
ol7|1A ST+ HeElTe EY &8 &=Fo
Ee] 1,500 kPa), FC= ¥E&FHe] F8 FF(H
122 347 A slgte =z AJAE|
EFo A ALESH7]o] FwolA ¥ AL
ol REe} #E EA AUXA =

MAY B PH0R Bes,

.

K
=
s
o
e/
2 R

=o]7] w&olt}, EPIC(1984) R L

4>

s=s1#(1.0-FFC/ (FFC+exp(wl-w2+FFC))) (34b)

FCC=0.6<Y W] s=s5, (ST-FC)/(PO-FC)=0.5¥ uw| s=ss2}+= 7}A 3l 2] 34bol A
wigk w2 gt& 78 ¢ U

w1=X1+60. *w2 (35)
w2=(X1-X2)/(POFC-60. ) (36)
X1=1n(60./(1.0-s2/51)-60.) (37)
X2=1n(POFC/(1.0-s3/s1)-POFC) (37a)
POFC=100.+50. *X3/X4 (37b)
X3=sum(PO(1)-WP(1)),1=1,M (37¢)
X4=sum(FC(1)-WP(1)),1=1,M (37d)

o71A sz (N3 FA miZlRISFelaL, PO EST 19 34, e EITY &
ojuget. 4 363 37 (Nio] =it dASL F= 4 A5 1008 2381

o) =
REF s},
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r=rp*(1.-(sum(r*dt)-RTP)/XKP2); tp<t<DUR (43)

AZIA = AT A& hHola, tye AT Al =Ler|7bA ] AlZkH(h)

=

RTPE= tpoll Aol ZA9-%(mm), DR A9 A& AIE (h), XKPi¢} XKPe A5
Amolth, of MFES P ¥XEE nejsel AFAT. AL £8
24 AT =9 A2 skekgk 0.05, Hulgk 0.25, Aggt 0.95% 1Rl bz
REE g AT A% XKPioh XK 0.01<r/r,<.0 B9 ol A kg A4l
B
r=rpxexp((t—tpu)/XK1)); 0<t<tpy (44)
I‘:I‘p*exp( ( tpu_t )/XKZ) y tpu<t<DUR (45)
XKlztpu/4 605 (46)
XKZZ(I_tpu)/4605 (47)

A% Azre BRI PEEE BFSL G F5ol O FSFOoR o s
RETES

DUR=RFV/ (rp* (XK1+XKz2) ) (48)
v - v XKPioF XKPeE o] 83 4 Al "t

XKP1=XK1*DUR (49)

XKP2=XK2*DUR (50)

rpfk =l ogk A FolA =oldk WA o w oA i, RIP= REVEL tpE
w3k kol

A5 &8 (Peak Runoff Rate)
APEX RdL Hy §2FS o=37] 93 F 71x WHS x3sl=d), AAE
J i == SCS TR-55"H (USDA-SCS, 1986)°]t}.

42 "3 2 (Rational Equation Method)
e Ae gLy o] xdE = 9



bq=Q/RFV (52)

REVZE 5130 Q7F 4 209} 418 B AEH) g b A ANE
Aok, BS AEE og WAZ £E8 5 At

r=RFVi¢/TC (53)
o714 RFViee #99 =2 AIZHIC, h)&<te] Z-¢-%(mm) ol vk, RFVie#kS & RFVEHS]
DAE WHAAA o= 71538, Weather Service?] TP - 40(Hershfield, 1961)&
theksl 2| &7k 2 Zv)o] WE FA 7o AR Aot Aub" o @ RFVee)
REV24(24A]7Fe] A& Aol A @92 95+ Edd Ag3h) = ohdst 7]
Hlggiet. webs vs3 2.

RFVrc=alp*RFVa4 (54)

o714 alpe = 7

4

o
ot
=4
=
H
)
1o
=
o
o
=
o
_O‘E
rlr
—d
Y
b
=
=
rE
iy
K3
)

Sy gol Al FEF AL 4 52, 539 545 4 512 AT 1

qp=alp*Q=WSA/ (360.TC) (55)

=g ARk Axw RO SR e Ak FAeEA tad #Zol d=5
7bs skt

TC=TCc+1Cs (56)

o714 TCi= 2 %5 (channel flow)e] =% AJ7tolal TC.= A¥E F5(surface
flow)e] =g Algkolw A7 @92 FdHET. TCv e Aoz F3 4EE
A

TCc=Lc/VCH (57)
A7|M Lee 9 99 Ao 5
Dolth., A+ F2 f& dolte thae 2S5 T3

Le=sqrt (L*Lca) (58)
A7IA L& 7P W AHeA F9 E7HA9 = Aolkm)o]liL, LCAE FEF
ZT7NA w99 SAHANAY AYGkm)E EId. Hy X+ Manning A&
ARgSRaL 2:1 " 81001 M F/glo] &S THR Atk fRE T s
5 7hs sttt

TCc=sqr t (LxLeaxn” /(0. 489%q . ***CHS 7)) (59)
o]7]4 n& Manning 29 noli, g AL 5 F=m® s, CHSE HoT &=

&

[e)
ZAAHm mHelth. LCA=0.5L5 7FA &t w9 W3S (LY F$ nS kmz, TCco

Lo



A9 ZoA NTeR ) qf A nd stoA mm HE) T AlS A8 = 9)

TCc=1.75+L*n’ 75/ (WSA®- 122+CHSY-37) (60)
Hid % &% g '(mm h)

ac’ =qc1/sqrt (WSA) (61)
A71A qui= 1 ha WA Wit FEHm bl B FAe] FEES 1o
A& B3 A5 - U,

QCIZQ/DUR (62)
7)1 A7Fe w2 m3Y 79 A LA 7ke] DIRS theo Ale =g A},
DUR=-4.605/(2.*In(1.-alp.5)) (63)

7|4 RFVre WAl RFV S AL&38le] 4 545 T3 A&=du. 4 632 4% 4=
718t F4H o R ‘:‘*Pﬂu}b 7Fd el A g S. alp s9f DURS of| 55k A xfo] dsh
Yg&e ‘o 93 Ha FEA AA S YJFEE S

A 625 A 60 wiAlste] eyt o] Tes T3] f7 HT TH= d=
- 2

TCe=1.75+L#n” ™/ (qer” #+WSA® 2+ CHS ") (64)

Hl52gk el TCs oS5 8t7] f18 o] &%,

TCs=SPLG/OFV (65)
oJ 714 SPLGE A AAF dol(m)o]laL, OFVE 2 % £%(n sHolt}l. Manning
S Im Z3 BAF Dol7kA g wof ﬂ%é}ﬂ frEol 1:1 o SH AR
5:1¢9] vl Z-zlolu|E 713 Aoy & 24 HF = 78l we the ) 2

AT O o S 2= o
£ FAE 4S5 Q.

OFV=0.8375%d"-%7«STP%-%/n (66)
714 d= 5 ZHol(m), n F%9 524 Manning® =% AFoltt. FHd {5
Z1o] d= &5 &89 =AM Manning S E3 A&7 35 o).

d=(qo*n)®?7/(5.025 *STP"-") (67)

A7NA e H FEEM sHoltk. 2 663 672 2] 652 thAsle] thSo 2S
040 /\ olq.

TCs=0.0216%(SPLG*n)? "/ (qe1°-2**STPY-37) (68)



AAsHA alpg H7beb7] AsiM = 45 e WstE wh=A] agsfoR .
2 1
—L

o}, =
e mE sRe 79 o alpghe 24 Hed olE I
A-gel o A7) witolth. RSt AEE ek #hs A 4R AT o= alpd
HAawQ alpms T8h7] A 9 As 9= 7 U
alpmn=TC/24. (69)
mebA] alpy b HAE AlgkET.
alpmn<alp<l. (69a)
HAA7E AgE ] A7) SHARE alpih dY ¢ ¥ 2YH fFEFvo] Foid
A AP 2REA4S B wEbM alps TC/24004 1.091 o2 ZAgE
7D Az oA A E Y. HTF alp XS AT BAETE Al mel dEebx]7]
of wid W3}alt}t. Weather Service(U.S. Department of Commerce, 1979)oA+

AT alp@hs dS5eh7] el AHeE o e 2 A A Add tid ARE

Fids

L=
ol nfl MI X Ho

l
Al

TR-55'4
AT §ZES d=s=d AHEHE SCS TR-55

i
K3
=
ot
=
ofo
rlo
(e
w2
)
==
w2
(@]
w2

(1986) o141 A3 AT}, 7= E4 FATS AHHEE = vt 2ol A
X832 HT FEES AFEXY A9HE, FE T4 A5, =Y A7
==l

qp=qp ' *RFV (70)

A7 e FFE@m b)), ¢'E 5 d9E HFE0Y, Ve Z5SFHmm) S
Z3kch, Folzl 9 BEE(SCS Type I, IA, II, or IID), % =4 A %2 F99
S A gel ZIREE] ' & dlSElr] s 4™ FAHE o]& 7hsshrh(USDA-SCS,
1986). AAdsgt 79 FFES AAs] A% vl= A L7F Al EoH(USDA-SCS, 1986).
Q', TCS NI &= Fdo] 72 vhahA 3 A e EF4dA AREsH7] 9@
A&H .

B e Be AL B A37hsa
TC=TCc+TCs+TCsr (71)

71N e AT fele] mF AT, 10, 1% et +2 §%, AEd FE3

e £z fEe AT 10 PALLOIG. Fe FHRLE 0% A2 F



(72)

A F2

TCc=(CHL-SPLG-SFL)*n/ (3. 6%d"-%7«CHS"-?)

o] 714 TCc

Ny
8

Aol A

oy

XO

7}

0|

A ZF(h), CHL

%

29 =

+
|

T

ni= Manning®]

s Aol (km),

[e)
T

(o] Xk
IS

A GAE Aol (km), SFL=

-
-

Z o] (km), SPLG

)

(73)

SFL/SFV

TCsr=

(74)

17.7+STP’; SFV<2.19 km h!

o} 7]A STP+=

SFV

(75)

[>0.1 km

SFL=0.05;

(75a)

0.05<L<0.1 km

SFL=L-0.05;

(75b)

[<0.05 km

SFL=0.0;

= Aol

P2 Aokt

&l

AFAE TCex 0.1A17F ©]

S=0.001¥

Z] O
o

el

kA TCsr

L
T

(76)

TCs=0.0913 *(SPLG#*n)°-8/ (STP®- 4+RFVO-)

2.2.3 A Fo}H 5 (Subsurface Flow)
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ST(1)=(STo(1)-FC(1))*exp(=dt/TT(1))+FC(1) (77)
o714 ST9} STow= +%F dt(24 h)e] A3 vpA Y £ ESS gFola, TT+
Z 129 o]%A)zt(h)o|t}t. FCx 48+ %(mm)o]t}.

b g §%E5S ST 2 STozke] zte]E weéle] Ar&dt).

O(1)=(ST(1)-FC(1))*(1.-exp(-24./TT(1))) (78)
714 0= &= 19 F5E(mm dH)olt},
5 T 029 olF A o 2 14 AF WS &3 sy,
TT(1)=(PO(1)-FC(1))/SC(1) (79)
oJ 714 POE= oA (mm), FCE 48T (mm), SCE E3FHE%(mm hh)olth. 4
2 5 fF52 o9 s T FEEr.
QV(1)+QH(1)=(ST(1)-FC(1))=*X3; ST(1)>FC(1) (80)
X3=1.-exp(=24./TTy(1))*exp(-24./TTu(1)) (80a)

A7 QVE 57 §% EE S dDolM, (e W f% =
GEm d), TIvi 52 o]% AZHh), TThi 53 o] A% )
Folth, 54 oF Azke A 7902 [EHIL £H olF Ake B Aow
RSN

TTw(1)=HST(1)/HCL(1) (81)
o714 HSTE B AFZmm), HLES 5% %3 $5%mm hholth, +4 ¥3
FEES oo How NEHn.

OPH4
> ©
™

HCL(1)=SC(1)=*STP (82)
1714 STP= A (m mheolth. 38 AFFS t&e] o sy,

ST(1)=(PO(1)-FC(1))+*0.5+SPLG/DZ (83)
o714 SPLGE= AAME Aeol(m)olil, Dz ELT FAlmolth. A9 FAlolA]

STAAG oE ALE ARAE Aol AT ANES ABLE Dol Be. QY
WS Q3 7 AR ol Qighe A 0o gAste theel Ag 9% 4 9l

QV(1)+QV(1)=*X2/X1=(ST(1)-FC(1))=*X3 (84)

X1=1.-exp(-24./TTy(1)) (84a)

X2=1.-exp(-24./TTu(1)) (84b)
WE TFo=zH U 22 HF IF 38S 94 5 o



QV(1)=(ST(1)-FC(1))*X3/(1.+X2/X1) (85)

W FES Bed 42 Agdtel AU HRE FAGYOE WE 2AF
W fEoR Al A
SSF(1)=0.001+(ST(1)-FC(1)-QV(1))*SPLG/RCHL (86)
QRF(1)=ST(1)-FC(1)-QV(1)-SSF(1) (87)

o] 714 QRFE e EAF (mm d1), SSFE= A Fobdl %5 (mm d'), RCHLE =719

2 Zdol(km)oltl. SPLG/RCHL H]&-o] 1.00] Z=gsldA(n]g =& Fre] Akx] ALA
F9) BE AFotd FE52 AFtol]l FolAA FHa A3 Ydd EdF AFAR
Attt W R o] H]Eo] 0.09] RHSA HW EE Adol fEe 2 wE
BAFZ gA o g BAEA At}

I Fe52 A FYoA &3] B 4 o wmE £z 9@ £ {f5S
AAstA Awstz] 98] wE=A] Rolrojof st} Fuj®El ¥, s= T s
PG HE Fo|LE T o]FoA = FE5S AF FHdE XgHA v, EYSHA
Eysle 74 A F5S FUFY BdoRA S Ao sHAE.

CPYV(1)=CPRV(1)*QI(1) (88)
o714 CPWE F2 #AY FE5E5(mm dY), CPRVE= 73 Iy Froz Idgd
Fae] 3ol Q= FYE(m d Do), 15 EYF Foltt. &3 I 5
Hl =23k 28 Fa] AH ).

CPVH(1)=CPRH(1)*(I(1)-CPVV(1)) (89)

o714 CPVHE 4% AW F%55@m dYHeo]w (PRHE 53 Y f5o= Hod
S5 B3lo|t), (PRIE W2 BF2 gad, B2 &A% 2 88, 89, 8094
870},

4 e EG BRFAMTE A Y de 344 g8 9y
Fo EHAEE} 0 Fuo A4 Fe £ 97 Rl oled 3 WAL
ToAnmsh e So Oy FEol 2dd Rt BASE 4Pl zud
Soqrh. olel@ olf wEe] wWs|s(back pass)7h HPHEOIANE  EwA
ARET., @ Fo) tEggel Zag 49 ZdE SRS AFOR olEHh. oY
Bge A9 FAN ASAG. =G B B e Fel EFEFEL
2999 S A9 ol 4% $Bol UF WS G ok, R FolA
AEE A91Fone oFL e 4L Ba T 5 Alle ¥ gYel o
=AY, 4 AE gt 2o



UR(1)=bul*(0.8*To+0. 25Ty )PH (90)

bu2=(WP2-FC2)/1.6576 (90a)
bul=10. (WP2-3.1761bu2) (90b)
WP2=10g(WP(1)) (90¢)
FC2=log(FC(l)) (90d)
A7 e F 14 & 11749 A% 50, & 19 58 39e T, & 11E
o

Nolth. AVl feR He w HgE AT W b huo B8 2 A
W oty £EEW Ard wAYe] £ P gee] o Agun,

T2=10.(3.1761-1.6576%(1og(ST(1)-WP2)/(FC2-WP2)) (91)
AAs s 7HR A Ao] Tis AHEsty] 98 ARE-E T
U5 A2 ARESle] 7 BTl s st =7t JEHEAY AP ET
SC(1)=12.7+X1%SS(1)/(X1+exp(11.45-0.097X) )+1.0 (92)
X1=100.-CLA(1) (92a)

o714 (LAx= EYS 1049 A& \l&olal, SS= B A= Ageln. o= ‘A%
Asfall’ FEolMd A,

Z1FXH(Evapotranspiration)

wae gAgd Fwe d3a] @ b wEe Azetd, w
Hargreaves®}  Samani(1985), Penman(1948), Priestley-Taylor(1972), Penman-
Monteith(Monteith, 1965), 12|l Baier - Robertson(1965)* ¢]t}. Penman¥} Penman-
Monteith'H& S goz vk JHAL, 7|2, F5 3 AUses 48 . F5,

AUlsE 2 HY HAF HolHE o8& 4 1S 49 Hargreaves®} Priestley-
Tayloro] HE dAAZHQA A}ES A=3 Hdg. JlycielA  7iEE  Baier-

Robertson & F& 7|%olA £ AyES w9l

B 2dl Ritchie(1972)7F AWz Ed 9 A2 jEAHor =S
Aikgieh, A A EYdg S-S A0 28 2 duHA AF(ES 11 1A
gk 2HE Qo] WA FrmA dSHT. AA Edr U EYZo] B FiE
greFe] A s FE dSET. AEY e FAAd STy gHA
Alg9] 12F WA A o2 HoHT,



ZA) A ¢l = (Potential Evaporation)

Penman'#

A Al S o =3517] 3 Penman (1948) thg-¢] Ao o] git),
EO=(RN=DLT/HV+GMA=FWV=VPD) / (DLT+GMA) (93)
RN=RA*(1.0-AB)-RBO*(0.9+RA/RAMX+0.1) (93a)
DLT=EA#(6790.5/TK-5.029) /TK (93b)
HV=2.501-0.0022+TX (93c)
GMA=6 . 595E-4+PB (93d)
PB=101.3-ELEV=(.01152-5. 44E-7+ELEV) (93e)
FWV=2.7+1.63+U10 (93f)
RBO=(0.34-0.14*sqrt (ED) )*4 . 9E-9+TK* (93g)
VPD=EA-ED (93h)
EA=.1xexp(54.879-5 .029+1n(TK)-6790.5/TK) (931)
ED=EA*RH (937)

o]714 EO= #HAAQ Futak(mm dY), DLTE ¥3F 71 49 7]&7](kPa °CY),
GAE F%A A9(kPa °CY), RN &5 HAFEM m 2, Ve 718 2 kg

D, FWWE #<% 3h=(mm d! kPal), EAYE ot 71049 E£3} Z7|9(kPa), ED:=
Hat 710l =719 (kPa), TX 2 TKE o o 7]2(°C 2 %K), VPh&= =7]¢t
ZH(kPa), U10i= 10m sololAd el Hy F4(m s, RAE HIY AWM m? dh),
RAMXE A FHol A ghe do] Eabgk(MI m? d7Y), RBOE= A8k &up BAMMI m? 47D,
ABE EY WhALS, RHE XY 5%, PBE t)7|9h(kPa), ELEVE d9 A9 ¢]

1% (m)o| T},

Penman—Monteith®
Penman-Monteith®™ (Monteith, 1965)<2 (0, W3}le] <gats oS3 FHo=
APEX R dlo] F7}% 0t (Stockle 5, 1992). Penman-Monteithe] 218 t}e-3 7t}

EO=(RN*DLT+86 . 66+AD*VPD=U10/350. ) / (HV*(DLT+GMA) ) (94)
EP=(RN+DLT+86 . 66+AD*VPD/AR) / (HV: (DLT+GMA#* (1. +CR/AR) (95)
AD=.01276%PB/(1.4.00367*TX) (95a)

AR=6.25%(1n((ZZ-7p)/70))*/ V77 (95b)



UZ7=U10; CPHT<8.

77=10. (95¢)
UZZ=U 1 0«LN(ZZ/.0005)/9.9035; CPHT>S. (950)
77=CHMX+2.

70=0.131 *CPHT®-*" (95e)
7p=0.702*CPHT®- 97 (95f)
CR=p1/(SMLA*G1 *exp(.00155%(330.-C02)) (95g)
G1=GSI*FVPD (95h)
FVPD=1.0-bx*(VPD-VPTH)); 0.1<FVPD<1.0 (951)

714 ADE /1Y E(kg m?), BPE FAH AE FIEFmm 4, RE FF7
ol ol tet M A&(s m), ARe= & F FT7] olFel et F7] 95tA A (s
mh), CPHTE #E ¥olm), (XE HAd 7Hs 28 Eolm), Kt =9 W9
Eol(m), Zo= EW = Wi/¥S(n), UZZE ZAE Eold uwel =AY 99U Hit
FTEm s, MAE 5F A7l AFsteE EE o WA AT
GAle]aL, pl 1.072.0Ako] 8] wiZh¥SE, GSI+=
=} =

A} o
Ao gigk AA SV, bx= AE AG, 0 W7] T2 o

;

Priestley-Taylor§
Priestley-Taylor(1972)2l& nizk 2 A HFE=2 JHstx & ZAjz el
1 <+

H =]
& s S ANRT. vgad go] 2k 3 HARFRE

EO=1.28+(RN=(1.0-AB)/HV)=*DLT/(DLT+GMA) (96)

Hargreaves™§
Hargreaves(Hargreaves®} Samani, 1985)2] 2|7] EALZe} 7|9 345 53
A FEAS =38k WWoltl. Hargreaves?d S &%z A4 E 0.570.60%
7 #A Penman-Monteith® <] A+ B0 FAA ol 43 #& 27 8] 45U}

Tk 97] HARE RAXKE oiAlEal i Al A wss 98] 0.0023004
0.0032%2 AUt F4HE 22 b7 2.

E0=0. 0032+ (RAMX/HV) #(TX+1 7.8)#(TMX-TMN)®-® (97)
of 714 TMXSF TMN= dd Hdl 2 HA& 7]=(°C) o)},



Baier-Robertson®
Baier-Robertson(1965)2]> Fluytiel A g Ag5a F2 FL  7]F
A2t} Hargreaves? #] ¥ Baier-Robertson?]< & A3ske] dolE WS & 3ty mf-$-
8ol =, o] AL v o] xdHY.

E0=0.288*TMX-0. 144+ TMN+0 . 139*RAMX-4. 931 (98)

ook, #Eo] A Y A9 d=EE e *—l‘ogi ﬁ%%u}.
AB=0.23%(1.-EAJ )+SALB=EAJ (99)
714 0.232  FEo| digt dMoli, SALBE  EYe dWlx, EAJE
EGyEAgo|tt. thFo] Aol wel EAJgEe] el 07 1.00]t.
EAJ=exp(-X1) (100)
X1=max (0.4*SMLA,0.1#(CV+.1)) (100a)
o 7|4 (Vi BE A4 ZHEe] FAo|t),

EY 9 A5 =9 (Soil and Plant Evaporation)

H opdo goF 9l &9 =urS RitchieH (1972) FAFSH vl o 2 AL=3Ir},
Penman-Monteith & A3t B wWilo] tg9 2SS F3 #FAHA #E 7
ZutekS AAkse)

EP=LAI*EQ/3.; 0.0<LAI<3.0 (101)
EP=EQ; LAI>3.0 (101a)
A7) A EPE= AAA S & 8 Z22E(m dHolth. ESTT) Ao 98 AL
qgo) Fp FUwe B oge] A% 4% Ry moguz 74w Aoy,

EOQ'=EO-RFI; RFI<EO (102)
EP'=min(EQ',EP) (102a)
EO'=E0; REI>EQ (103)
SWLT=SWLT+RFI-EO (103a)
EP'=0.0 (103b)
ES=0.0 (103c¢)

1714 E0'= A S (mm
FAAQN EF SEF, SILTE Hidell A" &0l



FAA SEFRG o HS A(A 102) i B0 e Ee EY S
gl AHgE = drk wdel A4 103) o2 e 99 FE AL
ol e¥ i Bk B e SRS 0.00] drh. E0F o8 7hed A AAA] EY
TEFE g Aoz oS5 F ol
ES=E0' +EAJ (104)
ES'=min(ES,ES+E0' /(ESHEP')) (105)

o] 714 ESE #AAZF e EUSE ZE(mm dHolth. A 105E FEo] S wol
AFEShE 7IZE Bob AAH Q) = ]

A 0.2 me] BEY, I AFF 2 Ao A A5T 4 ATk. 5 mm ©
(5 ol EAE A9 EO

FAJ&= 0.50] AAHM +=L& o]
Il

EVZ=ESR=+Z/(Z+exp(2.374-0.00713+Z)) (106)
BVZE EF Zol Z2YEe] F A EFF FUFm dHel:, ERE w3t
gedel B o)F wolgl AAA md Fuaelth. 4 1069 A%t 7710 md
uf EVZ=0.5+ESRe]aL, 7=100 mm¥ wj EVZ=0.95+ESR7} HZ=% AAEct, ESS
gE FAH B FUe F A7) BZgt Aol 2 ol gate] 652 4 itk

SEV(1)=EVZ(1)-EVZ(1-1) (107)

4714 SEVE F 1o te FAAAH EF FuEm dDolth, EFF Tkl U@
o] B4 ASAE EFF ) EFFY o] o] 9e A3 @aT F Uvk.

SEV' (1)=SEV(1)=*exp(2.5+(ST(1)-FC(1))/(FC(1)-WP(1));

(108)
WP<ST<FC
SEV'"(1)=SEV(1); FC<ST (108a)
SEV' (1)=ST(1)-p5=WP(1); (ST(1)-p5+WP(1))<SEV(1) (108b)

o714 SEV'= 24" Bl S didA(mm)eolal pbel Welel Ay EF A
0.5 m AAeAAE 0.071.001%, 0.5 m "ol A= 1.002 dAHATH. wfehba] APEX

2.2.5 &% (Snowmelt)
wol Y& A% FuA EFFe LR 0CR ZnE 4 a38 ¢ A £

FPol2 AP EFLEe] e thed 4L AHgstel spyud.



SML=AMAX1(0. ,X1x(1.52+.54=F*SNPKT)); 0.0<SML<SNO (109)

SNPKT=.3333% (2. *X2+TX) (109a)
X1=sqrt (TMX*RA) (109)b
X2=min(DSTO, STMP(2)) (109¢)
F=TSNO/ (TSNO+exp(5.34-2.395 *TSNO)) (109d)
714 ML §FAE(mm dY), NO= Eo] &A= =(m), SIWPE ESZE 29
LE(°C), SNPKTE F4Yolz Huol Eero 2%(°C), DST0E B x4d
SE(°C), TSNOS w@el2 HE Edo] dg(d)elrh. STMPeE DSTOE o 53]
3k e ‘B 2% (soil temperature) F-EolA =oHu. FEHY AEFHS
o =3sl7] & e w& 799 Hd3 wAlow FHIFLHAN F oY=
ooog AAE T AT A8 o= o] 24A For  AAEA
EEAYE 7HA- el A o] Fo AT,
2.2.6 A|8tHY 8 (Water Table Dynamics)
A} FH ol Y SR FiE 7oty 9 @A AdE =" 7)E
U2 Edros ZHA A4 glo] HoHt. B Y ARWHARE FHuy 2
HAa ol 8 gk Alolol A A5t F=HE ST ZIAY A
WIBL = WIBLO - X2#(WIBLO - XX) (110)
X2 = MINIMUM (PARM 88) or ABS(RTO)*X1 X2<1.0 (110a)
RTO = (SMRF - SMEO)/SMEO (110)b
RTO>0.0
X1 =1.0
XX = WIMN
RT0<0.0
X1=PARM(87)*(JULIAN DAY/TOTAL NUMBER OF DAYS IN YEAR)MH®
XX=WIMX

o] 7|4 WIBLS Q59 A& Zol(m), WIBLOE oA A& Zol(m), SMRF:=
A& 7IF Fokel dd A %ﬂ gH(mm), SMEOE= A&7 B9 EYS 2004
Edre] Hm), WIMNE AZWHAA AstsiztAe] Hi 7 A m), WIMKE
EdrdoA Azt el A 7bs Al (m), PARM87)= AstHe] $F £25
=771 s AREEM, PARM(88)= A Akl & AT o] =WIBL R
WIMKZFe  ®EAJShi= zpbelo]  ojgh 3 o]al PARM(89)&=  AlZkn]e] A Frolt}, A



Z1ZE(IWTB) 2 5~30 W ol A AF8A7F A4 7hs st

2.3 EYF4(Soil Erosion)

2.3.1 E(Water)
7%/ 5%< (Rainfall/Runoff)
B 32 #w APEX R fA A vE A/FEST 2 W(=ZHEHe
aEHel o) BAEE FJAS gt A/ FET ogh HAES Hostr] 9
APEX mdle 771¢] ¥4 E33tE=d], o= USLE(Wischmeier9t Smith, 1978), USLES]
Onstad-Foster <4 B A (Onstad®} Foster, 1975), RUSLE(Renard &, 1997),
MUSLE(Williams, 1975b) 2 <+ 7% 270 MUSLE W2, o9 AG-E F&3t+
MUSLE 7-z7} Z13lolt}. o] FollAl ARgA7E A A gk 9.4 siupe] FARke] 7]gF thE
APEX Bdlo] 4 @4t A% 288 ", oy 744 84E AQsta o] 6719
FAL Fdeitt. USLE 322 A ouxe] Ax=EA A =2 FEA
Hlok, MUSLE®F 2 WAL 32 2 EHAZ gt meo|E str] wiLedd
HEhs AR, 55 Wae d5 Ag=E SU7MA71aL, USLEAA H A%
o Zst7] Sl AMEHE JAEES AL 287 gl HAR did 9d A
TS 7HEssA sk, USLEE 2
53

Ao et FAE dSHE AT ¢ Ae= A

A7 x9S A &3, Onstad-Foster 3218 USLES}F MUSLE ou#] A& d=3t

Z o},

webA R dA 2l g 34 ALgsit
Y=X*EK*CVF*PE*SL*ROKF (111)
X=EI USLE, RUSLE (111a)
X=0.646+E1+0. 45%(Q*qp) 3 Onstad-Foster (111b)
X=1.586%(Q#qp)? "0+ WSA®- 12 MUSLE (111c)
X=2.5%(Qxqp)°° MUST (111d)
X=0.79%(Qxqp) " SA-009 MUSS (111e)
X=by 15QP¥2q, D3 SAPY: MUST (111f)

71X Y= A (t ha'l), EKE EY 2124 2z, (WFe & 3] 9, PEE 4
Aol AxF, SLe AAE W AHAME <A}, ROKF=E ZH 94 7 AdA, Q=
FE=Fmm), = FF F=Fm h'Y), WAE +9 WA (ha)o|tl. MISTE HAE

SEo VIAZA olEA o e AEE FAolil, MSSE A7rE 9



Holg (2 H4 glo)dd wA MiE A2
dH ko2 83k (byl.. . .byd). PEFLE
%719 AR ¥, USLENA SLgte thg-o 4
1978).
SL=(SPLG/22.127)™s(STP(65.41%STP+4.56)+.065)

va
o
ok

7}

XM=0.3+STP/ (STP+exp(-1.47-61.09+STP) )+0.2
o7]14 STP= AW ZAAHm m)e]
9] 2ol 93] b= th(Renard 5, 1997).

SL=RSF*RLF

RSF=10.8+STP+0.03;

SPLG>4.57;  STP<0.09

RSF=16.8+STP-0.5; SPLG>4.57;  STP>0.09
RSF=X1; SPLG<4.57

X1=3.*STP’-*+ .56

RLF=(SPLG/22.127 )%

RXM=B/(1.+B)

B=STP/(.0896+X1)

%1

APEX =€l AR&AF= SL=

o)
PSS

4 FAe A

g

ool HE RUSLE A4S ALgshe] HA%57)
B AA4E B 5 ek,

CVF=FRSD*FBIO*FRUF

2=
T

FRSD=exp(-0.75+CVRS)
FBIO=1.-FGC+exp(-0.1*+CPHT)
FRUF=exp(-.026+(RRUF-6.1))

FGC=STL/(STL+exp(1.175-1.748%*STL))
o]7]A FRSDE ZE AL 1z}, FBIOE Agets

é}o]*7
B $9&

A AFEEch(Wischmeier b Smith,

v}
=

MUSI+= 4714
7<4 _Q_ ‘61—

SPLG:= 7ZAAFZ(m)o]t}. RUSLES]

£317] Y& A 112 =& 113

Aok B

>~

Ag AR
2_7 =

5]

1o

74 =

(112)

(112a)
SL gk

[e)
K

(113)

(113a)
(113b)
(113¢)
(113d)
(113e)
(113f)

(113g)

e

=

T

1)
=

2
o

[

(114)

(114a)
(114b)
(114¢)

(114d)

dhol@ml 2 Qlxh, FRUFE E S

B9 F% 21}, CVRSE A4 A& ZAM(t ha™l), CPHTE ZHE =o](m), RRUF= EF

¥He F2AY ZX=(mm), SILS FE9

Koyl

Hho] Qi 2% (t hal),

FGC+=



EEZ EF AN AR K= vhee Aol o3

EK=X1%X2%X3+X5
X1=0.2+0.3*exp(-0.0256%SAN=(1.-.01*SIL))
X2=(SIL/(CLA+SIL))% -

X3=1.0-0.25 *WOC/(WOC+exp(3.71 8-2.947+W0C))
X5=1.0-0.7%SN1/(XX+exp(-5.509+22.899%SN1))

SN1=1.0-0.01+SAN

oJ7]4 SAN, SIL, CLA, WoCe &9 Ede =, EHAHE,

ROl E=d wid x4

(115)

(115a)
(115b)
(115¢)
(115d)

(115e)

AR ¥ 7] A

g moltt. 21 1150 o8] EKE 0.1¢4 0.57hA ®sks 5 ok AAA|
713kl 2HAL FrEol w2 el el w2 BKaks molw RV A9 fle

re=rp*exp(-t/k)
A7IA rte tAI7IY] A
Ae(h)oltk. 2 1162 74
USLE ol =] &2 mHH

RE: Bl 9@ AN PN e 3 Y
Forel A9 Fmelth, o U] g4
BaHoz BAAD FFH e 42 &

RE=RFV*(12.14+8.9%(log(r,)-0.434))

mefjob oS58 AlAL

= o BTk AAR g EHeh frAkel wE 10022 U
o2 o5 4 9vh WA Vb T 2kl tiE A
Al =2 HAEAA HES 7H Bl o
KR

tlo ot ot

(117)

Aol®, dRFVE AIRE 3HA - dt(h)
o Bogs Ty 948 2 1168 8ot
s Fregt

(118)



ET=RFV=(12.1+8.9%(1og(r,)-0.434) )*r 5/1 000. (119)

rpfbe AFESH] fls A 1162 FdE v g2 AdE 2 A
RFV=r %k (120)
RFVt=RFV+(1.0-exp(-t/k)) (121)

REV sgk2 ¥ o] ‘=i (Hydrology) H-EoA 7]&3st AAHH alpss A5

A= 5 ek,

RFV s=RFV=alp s (122)
rpks AAs7] el A 1229 1202 A 1212 diA|E o] thed 22 AdE ZHA
Hr},

rp=—2.0*RFV*In(1.0-alp.s) (123)

=

=

&S Adel wep Wsketr] wiitol alpse Weather Serviced R
ghg3to] wiet H7FETH(U.S. Department of Commerce, 1979). ol 0.5-h Z-$-%<]
Ak 5715 Hazen®] ZA] 914 o4& &Esto] o5 4 girk(Hazen, 1930).

F=1.0/(2.0+NWD=NY) (124)
o714 F= 45 A

=z
=
(N9} #eF Qo] #Wit Ao WA A45E T
=

e ik
O

O

AeHom FEAUTHE A sl G4 4ET F Avk. A5 REZVE BF 0.5
h ASEFe et g
RFV 5:==RFV 54/ In(F) (125)

o714 REV.si= 3 29 Ha A : al
ek o 30 A-r-Folth. 1 alpsi thol Aol os) tEdn.

alp.5=—RFV 5./RFV (126)
o} 7|4 REVE ZF Aol dish H -2 (FH 98 739 /v7F & i 4ot
A alpsake Az BEXxoA dAE =Y 7dds A998 53 AANH= A=

0.5/24 = 0.02089 H]S=3b alpsaks 7HRE. & R AP A BRE F97)
30 &¢H(alp=1) TAL 7oA W% FEtetth. alpso] A3A= =L rp #4(250
m h'e d¥tdow 9w AskA o] ZHsithH)S 2 1212 A o5 5

o]
2R



alp.si=1.0-exp(125.0/RFV) (127)

714 alp.st alpse dekz]olth. 2] 1269 alpse 5 AZHEES] A Fgholt).

ROKF=exp(-0.03%ROK) (128)
o714 ROKE= EY 959 =9 A v ol

#N(Irrigation)
ago] AAY FHAT AxHd INETFR Jd HAHE HASE 5T F
Atk F A BF e A doju v e FASs T AEE
ATt
QPX=QXM/24 . (129)

o714 QPXE 5 Em hh), QUME AFEHE(mm d Dot 3 AN A #5&
AR f8] fsES o 52 HIE),
QPX'=2.778E-6+QPX*RINT*WSA/FW (130)
o714 QPX'E 55 s, RINT= 5 7728 (m), WSAE 9 WA (ha), FVe A A
[e) ] [e)

Z(km)olth. 5 age] AA@el ek /M4 ol Maming & B 5T 5

)}

AN
VX=R"-667xySX (131)
WSX=sqrt (STP)/n (131a)
R=AX/PX (131b)
AX=0.5*DX*X2 (131c)
X2=DX#*X1 (131d)
X1=1000. *RINT/RHTT (131e)
PX=2.0%sqrt (DX*DX+0.25%X2+X2) (131f)
DX=(2.0%QPX "/ (WSX#X1#(1.0/(4.0+16.0/(X1%X1)))0-333))0-375 (131g)

oA7I4 VX& < s, STPE AA AAMm mY), ne Manninge F% A5, AXE=

G2 (n?), PXE AL FHm), DXE F% Zol(molvt. ey IAE thso A&

a3 A=+ A

Y=10. *QXM*CY*EK (132)
A7 Y g ARl tE EAHF(t hal), (Ve HAEE s%(t m?)olt}h. HAYE
2% A% Bagnold® EAE o]ls F2A(Bagnold, 1977)= o]&slo] A=

P,



CY=CY VX3! (133)
o714 CY1& 1.0 m s19 ERoA HAE FEE 9u|dtn p3ls= 1.0914 1.59
Helol A= HAE F4 A (Bagnolde] x7] WA 2Ao|A 1.5)0]t}.

BAE gol Ao A okt o] WSTHE B3 o5 7hssich,
Y=2 . 5% (QXM*QPX ) - 2+EK*CVF*PESL (134)

2.3.2 A= (Wind)
Z719] APEX T4 RPEQS 75 MFEA 99 B9 F5HE dam I

Ak APEX 54 RHEQl WECS(WIHd Erosion Continuous Simulation)¥ % © 7]AI&% <l
A FAE ol&s7] 98 T59 dd EEFS L8R I AR AT WHES
TE TELE o]&sto] HA FAE Tl UAA sk Fete] HaE = FAAjA Q]
TEFHS A5 A HAHES ESSA, ZuxR, d5, vigke] kA
BA = 7t=A 2= Al 7123 47FA 29ls o] &eto] =g HH

7]
71 WECS 4 &4 tha3t 2,
YW=FI1+FRF*FV=FD*YWR (135)
o714 YW= E2 (kg mh), FI1E= E% A4 <x}, FRF= W %% 9%}, FVE A&
JJH b, FD= A A S 7IEAZ2= vk HE S o] A Ak, YIRS §HA
LHT o 2 Hise] A&KEE kY FAE TS drdt. FAES 29
Skldmore(1986) A F3 AEEY.

YWR '=wn4* (AD/AG)* (USTR*-USTRT*~0.. 5+ (ST/WP)*)! > (136)
USTR=0.0408+DU10 (136a)
USTRT=0.0161*sqrt (DIAM) (136b)

o] 7] 4 YWR'& ZF21E(kg mish), wndS Wi/l (AAAE=2.5), AD= &7] Wix(kg m
3, AGE 59 71E%(m s?), USTRE v &% (m s™l), USTRTE 94 vk £%(n s
D), STe} WPi= EEZ2] 1500 kPa A A] =8 &=, DUI0S tA19] F5(m s7!), DIAME
EY dAmES vt 4 1369 EYS #H d2 Chepil(1956) 3
Skidmore(1986)°] <J3] 7NE=Act. T8 714557 9.8 ms?ol 37 UE7F 1 kg m
Solglal ZFAetd tS3 e HAF IAE TS dA dr.

YWR'=0. 255+ (USTR?>-USTRT?-0. 5+ (ST/WP)?)-® (137)

EY AAA QA (Soil Erodibility Factor)



WECSE Theel A Bal yA Aoz maw el B A4 Ade
o] g3t}
FI1=F1/695. (138)

o] 7] 4 FI+= Woodruff<} Siddoway(1965) = 2e] Bk H Al 21zk(t hal), FI1S A 2&
ndo] kel B¢ A AE ou|sit,

ZE A4 (Roughness Factor)

Z2EAFR)= Potter  5(1990)°]  ZWsk  wivfzh Jgel A% o]
LA FE oFEshs YAt oel WAE = whEe] ot Fis SdorA B
Ao A Ths d9E =@, vzt A ]lefe] FYo] e ek AR
Ao QI xRE B gt W@FHdE v 2RO 9 Tl wet
Rsteh=r ol o) Fael S TFe] BAA TEE A7) A vWid AgAn,
FRE o] A& 53 52 5 Arh(Potteret Zobeck, 1990).

FR=1.0-exp(-(wn1/RFB)X®) (139)
7|4 wnle oFsshe B YA o ZAm(eF FHoE 1000tk 15° F&EZo
Ho A s s 43 A drh(Hagen 5, 1988).

RFP Alg= tha9] Aol 9 A=+t

RFC=0.77x1.0028T (140)
o714 RHTTE 54 =o](mm)o] I RFB A4 the-9 Ao 23] o =Ht),

RFB=RRF+RIF (141)

RRF=11.9%(1.-exp(-)RRUF/9.8)!%)) (141a)

RIF=abs(sin(wn2))=1.27+RHTT®-% (141b)
o714 RRFE Zd9olg] 2% 9xE on|slH, RRUFE dol9 Z%(mm), RIFE 54
2% AR, wn2e S digh vige] A= E owngith. RRUFSF RHTTE whgha Eof
o5k 2 9 AHxzlo| o3t WIS H=t).

ZE ¥]& Q1 A} (Vegetative Cover Factor)
A8 D% Qb= A7) EPIC oA Abgw AHgol 71wdic),
SIS Aoldde 3E wloloma, & £2AE AE e 49

Aol uhe)l vl ReojE T,
VGF=1.-X1/(X1texp(-0.331-1.055%X1)) (142)

X1=bwn(1)*STL+bwn(2)*STD+bwn(3)*RSD (142a)
o714 VGFe #E9s /M4, SILe #A3 vlolom~(t hal), SIDE 43



ZHE AAFEE(t hal), RSDE Halld ZAFSE(t hal), bwn 1, 2, 3 EF ZEd 3t
Aol tt.

BB $ A7 QA (Unsheltered Distance Factor)

G-AgE FEF mE AR Hol= %7] Edll(Cole 9],1982)04 ¢k mpzb7bA &
AA A¢ F A FEE uste AdEdEnh. A2 2l A AANFD)E
Stout (1990)7} A=gtt 2 thgo A& &8st 73 4 3l

FD=1.-exp(-WL/wn3) (143)
WL=FL+FW/(FL*abs(cos(BT) )+FW+abs(sin(BT))) (143a)
BT=1.571+THW-ANG (143b)

o371 WLS Ak ek wE HBEE FA Ag(km), FLE& AA ZAo](km), FW=
A Z(km), THVE & F&(radians), ANGE= = o]

R 55 Atolo] AlA W Ztrolv wn32 AES S 0.05<wn3<0.09 HHel A=
A
(e}

I
=2
2
iz
\'rl
>
)
oft
oo ©
o}
il
o lo

o w AAE ufjsfHS=o|t}. APEX EEo
AbgEte] 24 1373 172 AlFHor T3e &
Z7lele= & =¥k £=0.0] AHgEY. 2 &
=

T AHES 47 99 (dts =9

-
b M
2,
=
oL
Anj
Hir
flo

2.4 7}V %% Z4 (Manure Erosion)

NERERE TEAY SRR 89 FAARRE A 3A4S 74 9y
EYS A5 /EER] dof mE BT EERe] HEHRE FERERe EYo
Z3E AeEbA vttt ERERE IFEE T g 7FE ARSIl A ¢
Ast I AEHe EY HA JtsAS &ds] AdsiAnt AZe vhsE s H 4
7FeAdel Adu. gz F gl FAXY JhEEwUE Afd A BEY e
Ve mg- WANE, AAEFER] H e we E=u. f7] d9E 2 ghe
EAE oS 2] 15594 AWstdE 58S, ESU G5, EY JAHE 55
ggd8 dS7bssitl. ey olgd HIHAAME EY HAEl ALY 0o 7137
it 7] Y 2 eAh Efo] AART AA dS5HA "ok, oleld o wiiol

ARA ASAE ATt 75w HA 320

YMNU=0.. 25+ (Qqp) - *#PESL*RSDM’ *+exp (~ . 15+AGPM) ) (144)
A7l YMNUE 7HEE= FAAG hal), Q& %), v IAF F=E@mm b,
PE= = A Al 1A, SLe AAF A 1A, RSDM: EF W

ol
=
ZPEER(t hal), AGPNE HopAy H& 48 A2 2d& vt {71 FE



= B 1_

RIS 7% <l

-

rﬂ
19
Hﬂi
_l l
mlo
EH
rf'

YMWNU 2 s 7}

>1'E

R o R

2.5 %E(Nutrients)

2.5.1 ZA(nitrogen)
(Nitrate losses—leaching), A& -+A<(Surface runoff),
H X Folag §%(Lateral subsurface flow)
HEo]Zd w §AFE NOs-No| ke the3)

L mebd gge] Ao A&,

k4

o) = WS
QNO3=QT*CNO3
o471 WNOsv= EGSoIA F44
QT w59 JAF7E ol FoiA=
Sjlait, s Aol whA ol
WNO3 ' =WNOs—QT*CNO3
o714 WNOseF WNOs'+= il de

THOIT. NN F== NOs-No| T8 8 AdFeZ vol
CNO3 " =CNOs—CNO3#QT/ (bs 1#P0x(1-0.01+ROK)-2)

o] 7] 4] CNOs' g A vAE =3Fe] NOs-N s k=olal

AFF7E A AFA P0Y ojtt.

b o]}

CNO3 '=CNOs*exp(-QT/ (bs1%P0)

T

T

=
9
=

G2 NOs-Ne] <oFo]ar, (NOOs:= &g =9
o 3 Fol EAst= NOs-No| HA =

| ol NosNel oFe vhest gk

=
a-=

o [ =
O]: [e) A -

AFRsh ehA e A e 2o

L

— ’

&
3] 1478 A

2 A

=~ 0]

Wb QNOs= QT =520 Aaglo] 4] 1482 E38tste] 8 4= 9

QNO3=WNOs* (1.0-exp(—QT/(bs1%P0O))

=8

]|
=

T
-

A A

125 7] Wzl 2 &

= AgA} AR ple
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p14=CS/CO (151)
o714 pld= 719 0.07 1.0(EE 0.5)° o= wi7pHoln, (S= 3 5%, (0=
T4 FEE vt tee A4S FE Nse 3 9 $3HE FAH8eA=R
Lol 2,

QNOs=CO*+QV+CS*QH (152)

2 1518 Al 1528 tAlEte] 08 Fote HAL oS o).

CO=QNOs/ (QV+p14*QH) (153)
CS=p14+CO (153a)
=7, 59 &, W2 EAF 2 53 3 FF5 el E3hE NOs-Ne| F&
& T4 (SE 3 oz AkdE 4= Q. HF 2 3 A {5 Foe
7R 2 C0E ALgete] o5 4+ 9

Edr SIS 53 NOs-N ©]5(NOs-N transport by soil water evaporation)
EgA o] S8dE ol Nos-Ne A% 355 3 ZETORE o]Fdtt.
o] 8 NOz-N o] %S o =3l 2 e the7 2t}
ENOs=SEV(1)*CNO3(1) (154)

o714 ENOs= mmel 2 ¥BA)EE Bk Zuk(SEV) R 9] Eok= 1A B 1-
12 o] & N0s-No| %(kg ha)S o]u] i},

Aol €3 7] N ©]%(0Organic N transport by sediment)
NE FASF ARl H8S 98 McElroy 5(1976)°] 7Retslar Williams<}
Hann(1978)¢] =743 F-3} 37t fr|da &4E oS5st7] 98] AreEr.
YON=0.001x*Y*CON*ER (155)
714 YON& #7182 %5 4% (kg ha), Y& H4%F (¢t ha!), (N2 RES W<
F71d4 FE(g t7), RS $FE&S ongtt. FHu|&> A /71349

= 5
e EYY A1dA sEE i #olth. $51HE2 NMenzel(1980)°] A=

e w9 dFdoz ddo] v, APEX EHoA = $19} ot AAES otet 7t
Aol dE FE-EFAE s BAAES e, FEuEe 9 AAE HAE
gl Augolar, o]E Z¥se AL BN AAY ARY ¢ B@e
TN 227 F9E Wit AL gudit. ZF fAF ARGl gE AgES teo
Ao AT

DR=(qp/rep)’->° (156)



o714 IR EHH= HEE(E AT FHeZ U HA4E #5%), oo HF

()
o
F=E@m h'"), repE= HF 27 Z49E(m hholth. 2 1562 MUSLES AM&-3}o]
[e)
o

I -

=5 FHAE fFEFo] 7INEth. Green-Ampt HFAS ZF 749 AR AAY %3
FeH SUHES A reps G FE JMeEESE . 3, ol Alotd F
F4 e dEEA FEGA AEAdE 23 FeFe] Axtdd. a8y §F
A A g7 AFEE I dY FEFT] AEE u, 23 A AR FriEA
ek, ey dlE HlEol did dAdAE vge AS ARgEA 7 S 9l

rep=rp*(Q/RFV)°! (157)
o 7] A rp AT A5 (mm h_l) e
8 AREET. Q/RFVE X Fol gt
S 7He o

o -

EZzH)go X E 1.00%2 HAE Qxay] Ey:=
mekA 1<ER<1/DRO|t}. FFH|& oS58t Ul WA o3 2.

ER=be1*CYP<? (158)
714 Y= HAE F%(t m?), beld} be2yx AH/3FsHA|o] o8] AAHwE njs)HIo|c).
F5E0] 1.00] 2337 YA HAE v STEE Folof st W2 wFE9)
1/DRe] 43817 9YsiiE H4E Hx= dolob 3l HAE Fro WHYU
0.00020091 4 0.1 t m>2t= 714 sholl AA A 24 15402 o3t 4= 9},

be2=10g(DR)/2.699 (159)

bel=1.0/0. 1> (160)

22 (Denitrification)
AT FAe shur gde Sxeh FEFR] Fpoln. BAES 5]
Al ool o] A& E T,
DN=WNO3*(1.-exp(-1.4*TFN+WOC)); SWF>0.95 (161)

DN=0.0; SWF<0.95 (161a)

DN& =& E(kg hal dDolar, TANE dESS SEA14, WoCE 718k 5% (%),
SWFE= Bk Qlxjolt}, 2% Qxp= Lo 2oz FaFt).

TEN=STMP/ (STMP+exp(5.059-0 . 2504+STMP) ) (162)
7|4 STMP= EYdZ Foto Eger(0)o|t). thse Aoia Eds 2dxats =
EFE 7hotste] Fajj i),



SWF=0.1%(ST/WP)?; ST<WP (163)
SWF=0.140.9%sqrt ((ST-WP)/(FC-WP)); ST>WP (163a)

g4l 49 &3 9 W3 (Carbon and nitrogen cycling and
transformations)

APEX Ed B waol AA4ho EH3 £3& Holdlr] ] EPIC EEoA
MEE B 715 EAS F83t(lzaurralde 5, A=), EPIC RdoA B
f71% R4 Parton (1987, 1993, 1994)3} Vitousek 5(1994)¢] X 113} Century
oA AREEH HIHE AMEET. olYd HIEHe T EY 7= E3d
BhAel A4 7HA] T8, S vAE(EE Z24), A 2 FF o= yHA
Hoh, =27 2 28] Aol BEF ofye}; o] 37k 82 A Fulde o] 2=
Mol A Zke] ApolE HRITh S ®A diAe VAPHE

g, EF EW wE Aste] F7hE f7] AAHAE 24, Re R AEREE A
ZLISY

7] W3y} #H3e] Centurye} EPIC 2d-&
AR, EPIC Rl dA AHEHE &S f7les 1¥ H50A o=
ol sA717] flaElA AREET. A, WMEE JFS vAE =9 R Alo] WS
@A EIPC EdoA A= As ol&ste ket AA, EPIC EddA xw
99 2282 A% 7ES AT FE
gjad SE2 2HE vold] AaRolE FgEMN st

gy a3 ZAAAQ etik 9t AA WH3k(Litter allocation and potential C and N
transformations)

S EPIC 2d 2 7AW £ A4, 259 8 ek 7|vksk A WIS
A=ty 2lad ) EA ok ojgfel W3k Ao o AR JEgS FrR(d:
724 9y % wlolomjx). olEst WHIyALe ZH3 kol {7 % H|HF7A
A7 EAT Agodnt g5d & Q7] "ol FAAHQ] Aoz FET. e
Eetiel AAho] Al W3S A=EsHy] §%k 2o Wik Aol

7] AP Edfe] F7HEAS w EYe vulE A4 dFEFo] Yo AA
T-E(STDNE) .2 &-=#t}(Parton &, 1987).

STDNE=STDN+Sf*(WNO3+WNH3); CNR = 10 (164)

STDNE=STDN; CNR < 10 (164a)



EAQAHNE) 9 24 9HLSF) FEE AEsid O o 94y 8
EAQAM (LD F2A(LS) 8o =2 Yi A Tk (Parton &, 1987).

LMF=0.85-0.018*STDL/STDNE; STDL/STDNE<47.22 (165)
LMF=0.0;  STDL/STDNE=47.22 (165a)
LSF=1.0-LMF (166)
LM=LMFSTD (167)
LS=LSF*STD (168)

2 g FodxE  FEo  Fad  AFRSILE  TFEREF O Ygoew
ol =% t}(Parton =, 1987).
LSLZSTDL (169)

LSLF=LSL/LS (170)

Tx24 9L 1509 /N HES gddw=ti(Parton 5, 1987). EtA 9
AZLSO) I AAo HZFF(LSN) H Fx4 YUsdo ALEI(LSNF)LS vy ol
=

AhEE T
LSC=Cf*LSF*STD (171)
LSN=LSC/150; STDNE > LSC/150 (172)
LSN=STDNE; STDNE < LSC/150 (172a)
LSNF=LSN/LS (173)

oA71M CfZ F71&9 E2isloln).

S AR wae] WBLIOT Aiel ABON) 2 oA Hede Ak
28 (UNF) & vhest o] A& E,

LMC=Cf LM (174)

LMN=STDNE-LSN (175)

LMNF=LMN/LM (176)
AFE D AFoteol e x4 FALSCIP) ol EA8k= g A2l Mg
T2 G9@s0), HA xelA FxF HHe A WE vE, FxA
Yo o Bl A Xswr, 2 178)9F AETA Aol dis] 2=(TFN, 2



162), EoFHE SFeE(SWF, 4] 163), AFA(0X, 4] 179a) Z2¥]ar 728 (TBP, 4] 179bh)<]
S YUy B3 ozl wak A 17794 AAr"ET, 23 91zF (SE Century
mElo A AbEE B tigk &% 2 FE Ao vl = Zolrt

LSCTP=LSC*LSR*Xsp*CS (177)
Xustr=exp(~3*LSLF) (178)
CS=sqrt (TFN*SWF ) *0.8*0X*TBA) ;CS < 10 (179)
0X=1.0-0.9%Z5/(Zstexp(16.79-0.0196%75) ) (179a)
TBP=exp(6.0+(BD-BDP) ) (179b)

T4 GAASLCTP) Y] gl el EAlsE v FAHQ WEe x4
gl Hlglad FA S AolA ERA(LSINCIP)9F A A (LSNTP)] #Al2 wslo] A
1813} 1825 & A&EH & 5o 4 1805 S3 4t==u).

LSLCTP= LSCTP*LSLF (180)
LSLNCTP= LSCTP=*(1-LSLF) (181)
LSNTP=LSN=(LSCTP/LSC) (182)

WA H2 (2B ER WA U(AE=0.40; A Fo}f=0.45) &
AAE HT = AR Ao &l COz(XLL:O 60; A 3kobef=0.55)% A SkE T},

ﬂ@ﬁLmtqﬂﬂﬂﬂ7U&}ﬂi Q‘¥Pﬂq@an%,w%X
LMCTP=CS*LMR=*LMC (183)
LMNTP=LMN (LMCTP/LMC) (184)

A7) M LMRE HA ZAS oA thakd Yol Wslkgo|t),

MAE welowlz wash ke FAH WBES TFesl AT AL e
=

2t} (Parton 1994)
BMCTP=BMC*BMR*CS*XBMT (185)
BMNTP=BMN: (BMCTP/BMC) (186)

o] zZAfA el WS vl Zrh(Parton 5, 1993; 1994; Vitousek

Hr
-
J (

=g A
T, 1994).
HSCTP=HSC+HSR+CS (187)



HDNTP=HSN= (HSCTP/HSC) (188)

A FoteFo A % F2A otute] e vl Zth(Parton %5, 1993; 1994).
HPCTP=HPC*HPR*CS (189)
HPNTP= HPN# (HPCTP/HPC) (190)

Hpo] @ mfj 2o A HE(ABL)Z 9] &S EIPC Rdllof Al Williams(1995)9] 24

ABL=BMC#(1.0-exp(-QV/(0.01ST+0. 1+KdBM=BD) ) (191)
o714 BMCE EUe mAE wlolomfjxa Yo EAE w©hel A AE FH(kg
ha'), ABLS H&=9 &4 (kg ha'l), V= 4 F%5(m), STE ESZo AFd
FEZ(mm), KdBDE= w®loleufso] thak Ay &2 A4, B ESTY 45t o

g elnl@,

AA &4 L A4 A3 (Actual C and N trnasformations)

AA wAaeh A WHEE 2 A WSolA o]g Thed dA el
Z|Hkato] AbEETh. ol figh e e Fad 72 AAAQ vA Wy =84
T8¢ C/N Hl&e o dAFdr. 89 g9 O/N &S 7143 EFY el
w2} gdEbRc(Parton 5, 1993; Vitousek %, 1994). dE Eof xxd
S (NCBID oA A mlolemf 29 O/N &2 &3l 5 4o dAi e s
12} §H4=(Nf=100>< STDNE/STD) 2 Al 2Fg t}(Parton %, 1993).

NCBM=1.0/(-5.0251#Nf+20.05); 2.0=Nf>0.01 (192)
NCBM=0.05; Nf<0.01 (192a)
CBM=0.1; Nf>2.0 (192b)

Azl vz FAdE =3 FAE N/C HEINCHS) <= A% vAgEH T
5 &917F ¥ Atk(Parton 5, 1993). A Fotd H<jolx A Hpoleulx, A%
FAEeL % FAENCHP)O N/C v&2 B mulg da F=FWMIND O whet
Attt wlol e wj o] - N/C Hl&2 v o] ALteT,

NCBM=1/( 5+MINT+a) MINT < 20 kg ha™ (193)

NCBM=0.33;MINT > 20 kg ha™* (194)

Ag bt a2l w2 ZHZF 0.69F 150t} whEka]l NCHSO digh AlFata -0.49)
200]™ , WFH NCHPe] A$= -0.159 10°]tF. MINT>20 kg ha'® uwj, NCHS #k<



0.083¢1d] wha NCHPS] 749+ 0.1439|t}.

a8 e nE A0 o] %(PT)Y B skl A (PN)o] W3k =er)t AEE 1
A4 THFY vudEng. e £8d 7oA ol &rted dAvt aEEs 20
W A Wshge] AA WMol Hrt, wEbA AdbE AAhe v EES
T8 FEd FrtE L FFY TFEA WA A .
PTy: 2% Y9d—nto] Qmj2  PNi=LSINCTP+(1-ALSLyC02)+NCBM (195)
PTy: #%2 Yl —>#<%  PNo=LSLCTP#(1-ALSLCO2)*NCHS (196)
PT3: AR Yl —nfo] Quf 2~ PNs=LMCTP*(1-ALMCO2)*NCBM (197)
PTy: mlo] emja—3E PN4=BMCTP*ABL*NCBM (198)
PTs: wfo] emj2~—4=5  PNs=BCTP*ABP*NCHP (199)
PTe: vlo] @ mj22—A] &2 PNsBVCTPs(1-ABL-ABP-ABOOR)+NCHS (200)
PT7: A|&—nlo] @ mjj 2~ PN7=HSCTPs (1-ASCO2-ASP) *NCBM (201)
Pls: A&—>5 PNs=HSCTP*ASP:*NCHP (202)
Ply: =5 —>ubo]Quf~  PNg=HPCTPx(1-APC0O2)*NCBM (203)
PTyo: 2HE =0 PN1g=UNDP(UND, Williams, 1995) (204)
F A% F2%(NPr)  NP=3PN; (205)

"3<LSNTP>1H é"*J FAAA Wd JJr NTPZPN1+PN2 27 stol Ao WBHPN T PNo)
gl ek AR £ Apoldl EAlshs AolR A WF ZH(e: F2A

=

Uool A mpolowmjazbA o] A NMINDo| thdk ghol AEHvH(A 206). 1EA

o H wdo vz W3l Ao HAAsoF st DA S AFESHIH(CPNY).
NMIN;=LSNTP-(PNi+PN1);  LSNTP> (PN;+PNs) (206)
CPNi=PNi+PNo-LSNTP;  LSNTP<(PN;+PN;) (206a)
EANARL Yol A vlo] @ uf A~ (NMINs, CPNo), HFo]Quh~ 3] 78 (NMIN3, CPN3),

= 3] AE(NMINg, CPNy) 2 % 3] d&(NMINs, CPNs)oll o2+ A W3k st

AL ARl o0 th.
NMIN2=LMNTP-PN3;  LMNTP =PN3 (207)
CPN2=PN3-LMNTP;  LMNTP<PN3 (207a)



NMINs=BMNTP-PN4+PNs+PNs;  BMNTP = PN4+PN5+PNg (208)

CPN3=PN4+PN5+PNs-BMNTP; BMNTP<PN4+PN5+PNs (208a)
NMIN4=HSNTP-PN7+PNs; HSNTP = PN7+PNs (209)
CPN4=PN7+PNg-HSNTP; HSNTP<PN7+PNs (209a)
NMINs=HPNTP-PNy; HPNTP = PNy (210)
CPN5=PNg-HPNTP; HPNTP<PNy (210a)
BE O FEAA A WHIHNMIND S o= A 2118 o]&ste F AL
F713H(NMING) ol tigt Alxko] o] FojXt}, AA(SIMP)O et & ¢ AAY 8 &
222 AAE I T e =9 AFAZF(CPNe=PNip) = E3st= W3 Aol st
BE o9 gozH ALkdn
NMING=SNMIN; (211)
SUMP="> CPN; (212)

aglar A SMPE o] Thsdt FE N v ETH(MINTEMP). wheF
SUMP<MINTMP! 7% 2} = A& 871 SHdAv. mebd 2 A=l e
AA=Z WHEET, SIWMP>MINIPYE ® F Z4& F8+ o8& 7Hsd FE dAagds
ZHsth, ks B RdoME &5 2 2 7 A W] st njH Al
Bagks AbEso (2] 213).

CPN;=CPN; / SUMP=MINTMP (213)

A5 AAx TFEE(CPNe)S A3 ZE AaEd P9 S AA B3]
(NIMMOB) 2} gt} (4] 214). = A4 F7]SH(NMINET) 72 2] 2152 AlLbE ).
NIMMOB= > CPN; (214)

NMINET=NMING-NIMMOB (215)

age B R

g

2 A4 o]& TheAdd TIdrslA AHA vl A4 WIS
AbE3th. CPNi=0Y 4% zF A WEak(d: LSCTP)S AA] wW3a:(LSCTA)o] # ).
CPNi>0 A9 AA #H3=Fe 24 216~228S E3) thA] A=H),
LSCTA=LSCTP*CPN1/ (PN1+PNo—-LSNTP) (216)

LSLCTA=LSLCTP=LSCTA/LSCTP (217)



LSLNCTA=LSLNCTP=LSCTA/LSCTP (218)

LSNTA=LSNTP=LSCTA/LSCTP (219)
LMCTA=LMCTP=CPN2/ (PN3-LMNTP) (220)
LMNTA=LMNTP=LMCTA/LMCTP (221)
BMCTA=BMCTP=CPNs/ (PN4+PN5+PNs~BMNTP) (222)
BMNTA=BMCTA/BMCTP (223)
HSCTA=HSCTP#CPNas/ (PN7+PNs-HSNTP) (224)
HSNTA=HSNTP=+HSCTA/HSCTP (225)
HPCTA=HPCTP=*CPNs/ (PNo-HPNTP) (226)
HPNTA=HPNTP=+HPCTA/HPCTP (227)
UND=CPNs (228)

npxleto 2 wE F3lo] sgd Ao whAlgh A w3k A whAhel A
FeFol whel AJdolERTE. JUolEE thE -89
T3 7IZFRSPCO)E AtEHASs Edst, &
Aap fFeko]?  FF A gEIIY, Esk HE2 Q1%
A

EY 838053 EYFT Zol9 98HA (Dynamics of soil bulk density and
layer depth)

B {718 =2 Bl A3t ddFHS zZre=rh. EPIC E¥(lzaurralde &,
AZE)A T APEX 2de A% Adams(1973) 21& Alg3te] B F71E ©A2(W0C) <]
Sk WstE BDY AxF WstE A=

BD=100/((WOC*1.724/0.244)+((100£WOC*1.724)/BDM)) ) ;
0=WOC<58

(229)

BD=0.244; WOC > 58 (229a)

B¢ #7129 VL 49E #dd 45 wo
A (B2 =etAstal & e £

e Z7] TEA BDS Wocatel 71watel BOME el 3
Wocgkel Ash sivitt dulelEdy. E¢F S dAsHA FA18t7] 93
<o Zoldll el A o] o] Fof Xt



A23}(Nitrification)
Aishs hRUol AAE A dAR dBets HH o wA Reddy F(1979) 3%
Godwin ‘5(1984)°] g WS Agste] SAHAT. o= HIHL2 Reddy 59
12} 5 HlE& F2e] 7]yks)] o] Fojxith,

RNV=WNHz* (1.0-exp(-AKN-AKV) ) (230)

AKN=TF=*SWF ' «PHF (230a)
TF=0.041*(STMP-5.0); STMP>5.0 (230b)
WF '=max (0.1, SWF, (ST-WP)/(ST25-WP)); ST<ST2s (230c¢)
SWF'=1.0; ST25<ST<FC (230d)
WF'=max(0.1,1.0-(ST-FC)/(PO-FC)); ST>FC (230e)
PHF=0.307*PH-1.269; PH<7.0 (230f)
PHF=1.0; 7.0<PH<7.4 (230g)
PHF=5.367-0.599%PH; PH>7.4 (230h)

o] 714 RNVi= Astel dabsio} $absl 44 (kg ha' dH)elal, WNHs NHs F (kg ha
D, AN Zabst glgdlolEl, AKVE 34tsh dEdel®, SWPe EY 2%(0), ST

EGSE @, WE 2 EQFE ¥, ROt 2PE5E EYRE §9,

STesi= WPH0.25(FC-WP)oll A o] <% 3=, PHE E% pHoltl. SWRaS 2 1630ﬂ}ﬂ
Ho i},

3] 4H2+-&-(Volatilization)

dRUYols tI7|2 FAsteE #Ago] ikt ARl ol EAkst A} F A
AEET, e H8E dRYole A thge AHo=m 2ot FHO 4=
A=

AKV=TF*WNF; surface soil layer (231)
WNF=0.335+0.16%1n(U10+0.2) (231a)
AKV=TF*FCEC*FZ; all other layers (232)
FCEC=1.0-0.038+CEC; FCEC>0.0 (232a)
F7=1.0-Zs/(Zstexp(4.55-0.00054%75) ) (232h)

o714 WF= A FEH(ELS 1) A1&S ¢3 F5 Aol U102 H T
CECE Uol2 w3y, Zst= EUYSE T7HA9 Zol(mm)o)tt. Ao IAbeS



HASA FEE7] e 2t FAvie 4 2308 WE Fo AW gy g Ans
ZvA Ht

RVOL=RNV=*F1/(F1+F2) (233)

F1=1.0-exp(-AKV) (233a)
F2=1.0-exp(-AKN) (233b)
RNIT=RNV-RVOL (233¢)

o] 7] A RNIT®} RVOL-& ALzl &3 3)4HE (kg hat d'b)o]t}.

Z4$-(Rainfall)
ZERE HdA VA EE 9557 Y@ APEX B2 3 XA EE G5
ek A9 T H dah FEE AMEST. AT T Aade el s5E wet
o 58 4 Q.

2.5.2 <1(Phosphorus)

AE A5 U €34 ¢ F4(Soluble P loss in surface runoff)

APEX E 2ol "L Leonard®} Wauchope(Knisel, 1980)7F A|Qtstt = &<k
L3 HHE JEHZE FES= Jldel A, S Ul HAE HE Ao
A7 Wil &4 1Y FET AL thed Zo] "desiA nddr.

YSP=0.01*CSP*Q/KD (234)
o714 YSP= FE% Qmm)olA FAEHE A 2l(kg hal), CSP= ES= 19
%ﬂaE'H%@@?:]%E@th,Mkwg%iP%Eg-%ﬂ%iP%Eilﬁf

Fh(m® t™Holth. APEX R oA AFE-E&= KD gk 1000]t}.

F%N

fAbel 9%
fialol Sl 2ol ol

91 o]% (P transport by sediment)
F71 A ol selA =9 AHH FaF ol 93
¥} 2}

YP=0.001+Y*CP+ER (935)
3714 YPe FAFAM FA2HE H84%E FE9 kg ha)olal (P EE ZF P
&= (g tHoln},

alle [‘10 r'

713} (Mineralization)
Jones =(1984)0] 7fdsk H7]3l wdle PAPRAN H7]3F R dEl(Seligman®} van
Keulen, 1981)& 4% Wdoltt., & R e F7st 34| 2714 FF o



ne R, 2B A 9 VAR el ov sk BAE §7] 9 FFAS B 43
dAE R R 9 FEAClh 74 EFF A f7] A FFUNA #7135
FAe el 42 ool A5 F 9
RMP=DECR*FOP (236)
DECR=0. 05*CPRF*CS (236a)
CPRF=exp(-.693+(CPR-200.)/200.) (236b)
CPR=580+RSD/ (FOP+WPML ) (236¢)

7]14 RMPE= A3 7] 919 7185 (kg ha' d!), DECRE 2143 F7] 219 &3
AE(dh), FOPE e AR AldE #7] 2(kg hat), CSE AEsHy 3434 Ao
o1z}, RSDE A& ARt ha™'), WPMLE E-oFA 3k ¢ &2F(kg ha')o]t}.

\a

AR BAE f7] 219 218 AL o] Hor 5T+ Arh.
HMP=CMP*CS*WPO (237)

7|4 WMPE FAES < #E3E(kg ha' d), (P HAES F73 £%=
4(0.0003 d1), WPOE 7] 1 &=(kg ha holth. a7k k= Alxdol Q1o 3

|
718 77l 1 sEdllA AejEa, &

AEE FA8H] AEA FAE FAL
2713k FOP &3l A A= ar, RMPY 20%= WPO &a<doll tlal AL, RMPY] 80%+

WPMLl o &l 21T},

uy|2 Q9 <3(Mineral P cycling)
2k Q1 2ElLe- Jones w(1984)0] 7Egk Rdo|th. wH 912 37HA ¥
sHEeH 2QHd, &4 mulg 2 bFE wvlE sEdo]l Aotk A
ERHG A RH( A Eoll AHRTHS) A wvlE ¥
1 7

=
1l S] o
T Ut B &4 viulg 389 e e oo #HE S E8
0]
A

MPR=WPML-WPMA*PSP/(1.-PSP) (238)
o714 WPRS FE A FEE(kg ha! d), WPIAE B WU
hal), PSP Z7] whE 919 A7F SuE o]F BB TRl ol Hw
el BHow FAH & FF Ao,

r (o]
ot
il
ns
1o
o2
:,.%.\
oQ

o
L
v

2)
2 2382 AtEE Q1] 19 &2 @4 PlE ? sHYeR olFsta I AR Y
Tl FAAT  BAD  FIFLIA AgEc.  wH@ AL Ead
o) o] WPMA*PSP/(1-PSP) ©]3tal uw 9 32e dH=ETE o), olysdt ds=o
27 84 =g7] wEe PR A¥7F &5Y A% 4 2389 0.18 Fch ) FF
AsE el Aold AWe AAE =gl 35 9 B 540 2l



}'\jl il XE] Eool:oﬂ }\-] ’
PSP=0.58-0.0061*CAC (239)

wGE FEoR FIkE H|A A EqfolA,

PSP=0.02+0. 014*WPML (240)
B o] 3= AL A EgelA

PSP=0.0054*BSA+0.1 16+PH-0.73 (241)
¥ FeoR ke WA E Bl

P=0.46-0.09161n(CLA) (242)

o] 7] PSP+ Q1 F&

A, CACE Call; 3% (g t™h), PHE E% pH, (LAE EY HE
3FeF(%), BSAE ZAROI R H
bs

(NHi0Ac) ol 93+ &d7] E3=(%)o|t}. PSPE 0.05<PSP<0.75
5 Arejol A A H 2 FEIE A4 2o FFIHRT) 4|

A & oz FEt.  FHEAR dduEs fEe g A& T
Aol E et
ASPR=bo* (4. 0+WPMA-WPMS) (243)

o] 714 ASPRS &4 2 ¢k E mulP o FFUNY F5E(kg hal dY), box %
AF(dh), WPMSE oA E mulZ 19 9k(kg hal)olth. A 2438 E3) Al&Ew 1Y
ole] kS oA A

3L 1
[ =|
WPMS>4+WPMAY w] 3" %

o |o

Hhoj 22 dojuA Hr, &
éEE%@hﬁlﬂ%ﬂAWRéﬂﬂé%%;%%éﬁmmﬂoggﬁlq.%%m#
bot= T2 2oA FdH AAH PSP d=o|th(Jones &, 1984).

A
IRERRDERE RS

botexp(-1.77*PSP-7.05) (244)

Mo B Boele
b0=0.0076 (245)

2.6 52 A= (Pesticide Fate)

§25, oW, EY U
GLEAMS(Leonard &, 1987) &
9 Azl ol e



AgH90e W Wy] Fom o= AE fol WU, WH EF wi 2B
st g Ugd 4o EAT F vk,

PAPE=PAPR*PAEF (247)
o] 7|4 PAPEE= A &9 F9Fo] faaFolth(g hat). PAPRS AA| AFEH (g hat)olH,
PAEF= A8 &8 <lxlo|t}.

drobt B sofo] Bl mdsteA ddelr] s AEel o3 RARE
el Hom AEd 5 glu
GC=(1.0-erfc(1.33*LAI-2.))/2.0 (248)
o] 7|4 (e =2 Yol EYY 3, LAl
O] Ao A& 9 EY gHoR

FP=GC+PAPE (249)

i

GP=PAPE-FP (250)

FP= 28l ofal] AtdEs ok ¥(g ha' )olaL, (P= E =E3te (g ha

Holtt.

A Qo] gobgls Hoke Aol s AR & dvh. FAReE AA
s ere] AvE 9 FeEel AREAS 0 ABAA QAU B mde
2.5 mel YAGE A GFH FRe wokl ud FAHA AP AE

d 5= SthLeonard 5, 1987). A4 AEE Artshs A7 42 thaat 2
WO=WOF+FP; RFV>2.5mm (251)

W0=0.0; RFV<2.5mm (251a)

W0= 7% REVA & #EoA AW 2] (mm), WFs= 54 599
A eFo|th, A AZE ke P Y] x| 3L FPA A #|<]H T},

e BEF ol EAste FoFe thirel B gl o Alawlel M A
GP=GPo*exp(-0.693/HLS) (252)
FP=FPo*exp(-0.693/HLP) (253)

o714 GPost GP= EFel EAshs 271 % AT sk ¢S oviatn, FPost FPe

Ago] EASE 271 R AT woke &, HLSE EFol EA8HE sk (),

HPE W AFZF] wzbrl(d)elvt. sk Fofel digk HLPSE HLS  #tel

A=t (Leonard 5, 1987).

{0

O



A9 F 9k E OE PEe AFolth o)A AgEE GLEANS
Holth. E9Fel EFHE wof el Wa= A3,

%:%%ﬂ?%%%%ﬂoﬁi%ﬂﬂéhﬁk

GP=0.01*PSQC*ST+0. 1+PSYC*BD (255)
714 ST BTl A" =), PSYCE 5% 9 F%(g t™h), B
B &40 (t mP)olth, 1F e tFe Foko Uidt S5 T wEo B S
EAEE oo FE HE =3t o] o] Fo|xgal(Leonard 5, 1987) ©o]:

g9 Hos adE.

KD=PSYC/PSQC (256)
o714 KD= &l 44 (m’ t)elvh. KD #he vhe] Ao AtEdr.
KD=0.01+KOC*IOC (257)

2 Agola, WotyeE EYZE e 7]

o]

o7]4 KOCE= 7] ®4d gk X3

€2 (%) o] T},

2] 2575 2 255% thA|shH thS-3 Zr).
GP=0.01#PSQC*ST+0. 1+PSQC+KD*BD (258)

PSQCE sh7] Slal 2 258% aldsts A2 o3t 2.

PSQC=GP/(0.01ST+0. 1+KD=BD) (259)
2] 2592] PSQCE 2] 254% thA|shd o3k ).
dGP/dt=GP*q/(0.01*ST+0. 1+KD*BD) (260)
21 2608 oAl AYsta FEE Y FHoR 2= 59 Yol wEp Foke
Fe BdstE v S @A ¥
GP=GPO*exp(-QT/(0.01%ST+0. 1+KD+BD) ) (261)

m)o] i FHoR ozt ¥ woldle &, STe 27 FE AR (m)eold
2B QT P GPORH-E
LA e

1o
:CI}L_l‘
il
i
i
off
2
1o
o2
o
-
ol
~
o
ol
9
0
o
1o
>,
lo
il
[op)



PSTL=GPO*(1.0-exp(-QT/(0.01 *ST+0.1 *KD*BD)) (262)
oA7)4 PSILL Qe ol AEH ‘sore] dolvh. re AEWNA F WE L
9o 2,

PSTC=PSTL/QT (263)
AFEAALE B g oldlel AAEY] Wi e 74 e TR 7E
Teit & Holth. Al R ARSAE miZiM S p2dR AT 5 9l

p24=PCH/PCV (264)

o714 p24E= A9 0.071.09 WHW(EE 0.5 A= vy, PCHE 9 5%,
PCVi= 4] Fs&olth. PSIL= th9 2oz 24 3 3 4 842 TR,
PSTL=PCV=QV+PCH*QH (265)
2l 2645 2] 2652 At PCVE Frot= AL e 7},
PCV=PSTL/ (QV+p24+QH) (266)
PCH=p24*PCV (266a)
&=, =9 %, wE B3 F £33 PSILY %43 49 AW F5& F%
T4} PCHE o=z o8 4 v, A4F 9 7 Ay F& Fole vd
W2l 0 g2 POVE ALg3te] o538 =

FAFR RS s F 42 4 26204 2662 E3) AEH e RIS
gato] oS5 = vk, FFLEY FoF FEFS w508 S ) AET F
91

PSTY=0.001%Y*PSYC+ER (267)
o714 PSIYE FAME 4% 529 5% (g ha'), ERS 2] 158& &3 A4k
FEHS(HYE U T FE-EY EW 10 mm We 59F Tx)ojt. ESY
T FEE A 2578 24 259= tiAEtal PSYCE Tt 4 4 9l

PSYC=KD=*GP/(0.01*ST+0. 1+KD=BD) (268)

e ALHFS 7 EYSS oA AEHe] ¢ A7] wiol @Hﬂ-ﬂ%%
HE7F o Z7] " 2 HE VeSS Holt. 9 KD gtz |l =

717 ek B3 g w2 ﬂ%%d.%W§.§%KD§é_£ﬂ“<%k%;§%



tm
o2
rfo

% (Soil Temperature)

STMP=LAG*STMPo+(1.0-LAG) * (FZ* (AVT-DSTO0)+DSTO) (269)

FZ=X1/(X1+exp(-0.8669-2.0775+X1)) (269a)

X1=0.5%(Z(1)+Z(1-1))/DD (269b)
4714 SIPE BEYS TAF9 Edm(0)ola, 7t EYET 19 ®HdA

viekzkA o] Zlol(m), LAGE oAl &% STMPeel tidk #4d3d 715 HeS5 38sts
0.0~1.0 Afole] Alg=ol™, AVI= i Fao 7] Ho Azt 7]2olt}. DST0
EGREW 2=, e on @ele] 595 dololrh. wEhA ofAle] RS

269 EGRYW 2%, Zol B A AFe w 259 2EE Hd5
d= zZloloA] &xEE 7o dAstw tEF AVIElm AP, 2 269 ¥
A = gk DST0S] 3= whETh. zlelrh b w HF:A o
7b AVTE] 5% olul7t & w7k ¥ B2 dFe T

o

e ki
)

ol

o

£

>

ol

o
-
18
1o
rfo
!
il
o
R

2% ol theel AdA ZRE AAY EF 846F 2 SRR 4
o)
PSS

Al ATt
DD=DP#exp(1n(0.5/DP)*((1.-WC)/(1.4WC))?) (270)
DP=1.+2.5+ABD/ (ABD+exp(6.53-5.63+ABD) ) (270a)
C=0.001%ST/(Z(n)*(0.356-0. 144*ABD) (270b)

ol7]4 DPE Y E| oidk Hu
S48 S(t mP)olL nE AT EY

% (mm) ] o},

e
rE e
=
i
og
ofj
1o
N
o
=)
w

—

rr
||\
=)
i
2
O
it o

4 2692 dlde] AaNE EWenE dZde @t WA WA
UAER SRS S5 Aelt),

DST=0.. 5+ (TMX+TMN) +(TMX-TMN) * (RA*(1.0-AB)-14.)/20. ) (271)

2127164 ARA 71k Hat dd V1R s
Aotk T Z7tollEe LA dnk =3 WoR g
E=
[¢)



AR GFe 0 Q. olgF Evdl gF wolE dd do dZ® YAEd
LEg o EFEe] Aw 2xst F7 Faralel AFTACFY 10 m F& olew
A S STl E YT gFe Ao AR,

DSTo=(1.-BCV)*DST+BCV=STMP(2) ) (272)
o7]1A DSTov= EYRT %9 FHFT A5 (0)ola, BVE A 2 AHAH gi&
oyl st A A Qlxfelt}. the A AT BCV a2 YA A& 0.00]a1 &0
=7 e W 1.09] <A SHA Hrt.

BCV=max (SNOF,BCV") (273)
BCV'=CV/(CV+exp(5.34-2.40%CV)) (273a)
SNOF=SNO/ (SNO+exp(2.30-0.220%SNO) ) (273b)

o714 Ve A7 wpo]lQwiel A& ALY FAI(t haHelal SNoE HA U<

APEX 2dl2 medy BEE ZE(eF 10070)el didt R E st 98 oY 2ds
AbgSi, B2 2 mdo] wiyjege #dste 74 #FEe afe e 7HAa .
APEX ®HEL Gl #AE thdd e BT AGS 2T ¢ drh. ddA AES
FF7dA FEA] e FHE I 9 e A2 FAAA E w9}
sdad w71 gt thdA ZAFE2 AEr | & FHld Eoirid et 14
g 2dS A ol f3e] e Ht dd 70 VA 2E 27E
W AgS AlAsoh, B Rde 53 A3 (Hd) 10719 FEe] 5 F3F AT A

ko
b
rr
=
=
=
&

= :-—_' H
R (Kiniry &, 1992)elA A& A=A, 2L Wy & agal s 27
JES Wtk Y FEe AR AP e Y AF v9l FHof

HU=0.. 5+ (TMX+TMN)~TBSC: HU>0.0 (274)
A7IA HU= ab g<t A9 @ @9 olar, TXek TN sie o] Hdl 5 A4
2k, TBSCE A2 714 2E(0) (TBSC olsteldE Aol dE  dojuA|
Gotholth. duel AFMUDE] Wels A 0olM A A5 1.0908 L
HUgke =F#sta sid Z=o FA4 o 992 v goz ZAdkdn. 539

Gud 4P L w3, AR PR AH B, el W) ABF 23

]



AAA F8F 5 WIe) e vy,

o ©° -

2.8.1 A A% A3 (Potential Growth)

b o mpolemjiaol HA A TV tae Aoz AFE3it(Monteith,

1977).

DDM=0.001+PAR* (RUE-WAVP*X1) (275)
PAR=0.5%RA*(1.0-exp(-0.65*LAI)) (275a)
X1=max(VPD-1.,-.5) (275b)
RUE=100. *C0z2/ (COz2texp(bc1-bc2*C02) ) (275¢)

o714, DM wlolumjzel  FAHAd  FUFEF(t ha! d), RUEE oUAE
ol omj a2 dgstE g #HelE HARA AME &8(kg ha)/(M m?), PARE
Abctd FEgA A BARAM m? dYH, RAE B BAMUAIM m? dY), LAIE
AWM A x4, VPD= F7]hxF(kPa), WAVPE= RUESF VPDeF ##E® & w7l (0=
719 €0 H%(ppm), bcle}l be2E RUE-CO: A4 2702 A& A AAFE &
nf 7§ 4=0] 11 (Stockle 5, 1992), A4 0.5 B HAIE S 434 &4 EAHdOo=®
Askel7] 9la] AF8-% W (Monteith, 1973), 7 0.656% 433 Algelt). A olstd
2% Age 49 54, 897, FAEY FH A", 4@ wWIEY kel uwe
g2} 2t (Thornley, 1976). APEX R dolA ALEHE 7H(0.65)2 F& 1+ AdES
7FA 2SS %3 (Uchijima 5, 1968). Ua A& 74(0.4~0.6)°] Hit ©EfgZo]
o dy Ad3 g F3F A HAEs(Begg 5, 1964; Bonhomme 5, 1982;
Muchow &, 1982).

B8 Ao A% dud AFUADE AL 0olAY w$ At duA
weh, ol g Fol Awdl 4 g 4

Aes Ao GA AEE, 94 2R
BAA BAC gle W 27 = A AT AeHor F7MEHH(Tollenaar &

Gob AR AlRAE LAl duAe] A%T wst
) e Aol olet. Be A4ze] LAl: Hudd o&
5 pasta WA geoldAdE 0o mwadch =@ 9o sy, HF LAl 9o

AR717He ~E Y AR Q3 A% (Acevedo &, 1971; Eike} Hanway, 1965).

LAl = € @9, 2E 2Ed s, 2E A dA 9 42 wojdth, dhAo A
olo] w3}%7] AlZeE w7#] LAlE= theo] Ao =g A= 7h5sir).
LAT(i)=LAIo(i)+dHUF(i)*XLAI(i)#*sqrt(REG(i))=LALo(i)/TLAI (276)



HUF (1)=HUI(i)/(HUI(i)+exp(ah(1,i)-ah(2,1)+HUI(i))) (276a)
oA71A e D] Al whAlE ERbell LATook LAI: W4 Aggkelal, XLAI=
Ho A A4, TLATE oFF A4 o Asta gle Be 2e & 9, HFs

g o9 Qx}, dHUFE= HUFe €< WstsF, ah A= & id oigk HUF 2 HUISH
#AAE A= usfES, U= @ @91 A9, REGE obdldlA AASHA =292 FHA
245 ~Ed s 291 gholt,

ol w37t Alztete] AAZIZE B u7bA] LAlE oo AHom AE
7} 8ttt
LAT(i)=LATo(i)*((1.0-HUI(i))/(1.0-HUID)) (277)
7] ade LAl FAE&ES Aofste 2 wpiwigoelal, HUIDE LAIZE 7HASH
Al 2bel we] HUI gholot,

A5 ol Theo] WA Bajo] =T & AT,
CHT(i )=HMX(i )*sart (HUF(i)) (278)
4714 CHTE 8 ol(meolx HIXE A% o] ta Hu) Fololt.

ByAZ EIdH F vlolonjxe HIS HE IFJFAYE 0.370.5%
A719= 0.0570.202 7243 (Jones, 1985). E mdlo o] FE3E.S ulal7]of A
A 717 A] oA A o]y ek BEyA el figk Bo)E o 4 Q). By HFES S
u Bl FAe] W= 2 BEYSolA FE R o]g W g FAQ o o)
mojET, #AAl e FA 4 HEge s or AEHY

RWT(1,i)=RWT(1,1i)+DRW=UTO (279)

DRW=RW(i)-RWo(i) (279a)
RW(i)=DM(i)=*(ar1(i)=(1.-HUI(i))+ar2(i)*=HUI(i)) (279b)
UTO=UW(1)/AEP(i);  DRW>0.0 (279¢)
UTO=RWT(1,1i)/RWO(i);  DRW<0.0 (279d)

o171 RWoet RV ald Lo A3 AFA &= ByFA(t hal), RITE EUZo|
AE BYFEA(t hah), DI & vlolomjx, W ESFTY 4 S8 AMEE(m dh),
AEPE 2 8 AFRE(mm dY, arle ar2e ZE wiswg, #HA 9 18 FEIG

_1
H

Wel gol= WE WE ZololA AW HUA WA Fbdc oRE
Az A Huigre Aed A%l =257 el F83 & AL 5 ArHBorgs



Grimes, 1986). 2] Zlol= A whelel AAA He] zlolo] o= BojHT)
RD(i)=min(2.5+RDMX(i)*HUI(i) ,RDMX,RZ) (280)
o714 RDE & Zol(m), RIMX:E= ZH= iofl digk Hd] e zlel(m), Rz B 9H

z1o] (m) o]},
el =

et MAYSS 7

e AR AAY Fo AES o

w2k A (B A A %

APEX B ollA] 22 8k

YLD(1)=HI(i)=*STL(1) (281)

o714 YLD g Ao 38w ZEo A(t hal), HIE A4, SILS FE

iol W3t A mpo] e uj(t hah)oltt. W] AEHA A 38 AFE gS

2o olaf wF7] 0ol A7) HIZEA] v E A o7 F7)sht),
HI(i)=F*(HIT(i)-HIMNCi))+HIMN(i) (282)
F=SWH(i)/(SWH(1i)+exp(5.563-0.03155«SWH(i))) (282a)
SWH(i)=sum(AEP(i));  0.5<HUI(i)<1.0 (282b)
HIT(i)=HIP(i)=X2/(X2+exp(11.11-0.1%X2)) (282¢)
X2=100.*HUT (i) (282d)

A7IM HIT= & &9 FA4Z2 A = -

Aol Hagk, HIP= gAARl w2825 gk, Sl .09] HUI W&l el gl
el FATE AR eIt wEA gAA QL FEA e ARl MR
e AIANY Ee s BROR Qs AdadE o qlvh. A 28204 e HITV
HUI=0.5% ©f 0.1% HUI=0.95¢ ® 0.95% Z7}shie et ol= A Tk

=
= =
Arjol AAY FRFL AL 5 Ae TR AAH 3

A5 rstd, HIN:= 2
0.571

2.8.2 84 A&(Water Use)

Ago FA R ol§FA EP
woE How MEFY F oAtk EQ
g ES el FFE AF5T 4 9

UW(1)=(UX(1)-CU*AEP(i)-(1.-CU)*UX(1-1) ) *F=*RGF (283)

Ir
o]}]
L
>

=

I Ak(evapotranspiration)’ F-w-of &
xHodA EA By Zol7tx]e] A FE

T

UX(1)=EP(i)*(1.-exp(=5.0+RZ+Z(1)/RD(i)))/(1.-exp(=5 .0+RZ)) (283a)



F=min(1.0,4.0%(ST(1)-WP(1))/(FC(1)-WP(1))) (283b)
A7 e BEUSE 19 8 ol&E(m dY), XE Zo] Z(EUZE 19 vtet/m)e #A)
8 o) gE(mm dY), ABPE ESZ 1 9 9xst mE Zo WY I, RZE ¥
Zlol(m), RDE ZE o] tidh #a] Zol(m), RGFE  “He A Asfacl’ Fiox
i A7 QA U Zol Z o]ollA RGF kel woluh. 4 2832 #&
T2 By IAAS Z2E ESGTOA ES B AMEE dxd T ERS AHE
RERA 0

w
S GrhUCE A9 10). Telu Bagdel WAk pasta whW UCE 0.

2.8.3 4& FF(Nutrient Uptake)

A4 (Nitrogen)
B dA T3 e =29 NOs-N ol o8] AstHr).
UNC1)=WNOs(1)=UW(1)/ST(1) (284)

o714 IN& E%o] Fg3d A v & (kg hat d1), NS EgZ 19 EA5tE NOs-
No] ¢F(kg ha™l), ST= ESSFE 3eF(m), e 58 AF2E(mm dhHolth. 2 2840 A

dojd AR v t-2] Ao & N 53 L0l &) A|shS w=t},
UN' (1)=UN(1)=DMN/SPN; DMN<SPN (285)
UN' (1)=UN(1)+DMN-SPN; DMN>SPN (286)

7] UIN'S EorE (oA AA 2Eo AL B2
FEO N 8, SPNE 1 Yol & Egwd Ah FFoln. Fart FFRY A4S
%%wﬂzmﬂﬁ7B*§%%E%H£%Léﬁzgé < DMN/SPN & A8l 4
28504 ZHAE HOlth, $£a7 FEHU F AL HE o]& Jlsd AAE AL
As 4 2860] o]&HT. A& SPNo| oA AAFIL WNOsel EE FollA
0.00] & wW7kx] E=¢F FHlAM Alztete] Zb Fwirh o] Fo| ),

12 Z4 (kg hal), DINS &g Ao
A

i

Ao 99 Ax Fat 4B AxFWI AHe AxFF el A
g, Fet e 4 Fi AEEC.
DMN=UNO-UN1 (287)

UNO=DM( i )*(bnl+bn2*exp(~bn3*HUI(i))) (287a)
7|4 DINE & {9 A F88&(ke ha! db), INIE g FE A4 FA
Ste¥F(kg ha” 1), UNOx= &l Z&Eo] digh Ko AL dhaf(kg hat), DN
o] @ uf 2~ (t ha™'), bnl, bn2 % bn3L HZA o N =& ZE AA(HUD) IS <
o mdE #E upuidgolt. HAY HAE AL R A dAV S



7+ 23} (Jones, 1983a).

A4 3A(N Fixation)

A Az nAFe T} 4B 9Y Ax HAZ] dF FHoRN AEH

v}

WEX' =p7+WEX+(1.-p7)«UNM (288)
WEX=FIXR=UNM;  ASW3>0.25; and FXN>0.0 (288a)
WEX=0.0; ASW3<0.25; or FXN<0.0 (288b)
FIXR=min(FXW,FXN,1.)*FXP (288¢)
FXP=min(FXG,FXS,1.) (288d)
FXS=4.0-5.0«HUT (1) (288e)
FXG=(HUI(i)-0.1)%5.0 (288f)
FXW=1.333*ASW3-0.333 (288g)
FXN=1.5-0.005%*TNO3/RD( i) (288h)
ASW3=sum(ST(1)-WP(1))/(FC(1)-WP(1));Z<0.3 m (2881)

A7 WFX'+s HFHom AR H4 1A HS(kg hat d, WX A% A9
ESE ShRERXW) 2 Bl A4 SEFEXN) S aEste] AlxtE HlE(FXP), UM
2 EE(kg hat dY, p7E 0.071.0 ¥l U= 75 <Ak, TNO3:E= RD
Ho)7kA] B Ul S48k NOs-N EF(m)olvh. A7 aA A= 7154

Haaty] A ooyl zhm e BEFo] w3td F2 AEeM da aAs

AER 0.3 08 F8 FFol 85T 56 o3t o

EdTE g ATe
A 1AL ZFAA Ik (Albrecht %, 1984; Bouniols %, 1991). <#H<9 NO3 &<
A nA| gEFS nAH ¢ Yi(Harper, 1976). o]eldk H& J < <9 NOs-N
ko] 100 ke hal m? Bk 2 w) A 1AL 7+a4x 7)1 A4 ko] 300 ke hal m

‘pn e 20 dk 19e e

21 (Phosphorus)
ZFEo] 9] o]8L A& oA A3 FFI o AIHow A=H),
UP(1)=1.5*DMP*LPF+RWT(1,1)/RW(i) (289)

LPF=CSP(1)/(CSP(1)+exp(8.01-0.3604+CSP(1))); 0.0<CSP<30.0 (289a)



LPF=1.0; CSP>30.0 (289b)
o714 IPE B0l &gF3dhs <l ]S (kg ha! d), DIPE= i Lol &9 ¢l =0
CSP= EFS W9 =<4 ? s&(g t), Rie EFS1 W] e Alke ha‘1>,
RITE & 8elFAl(kg haHolth. 4= 1.5% #ee] 2/39] 3 #& 94 Jd F8E
SSlEs stk olysk A WHe 9 Z2¥ FAE(Es dA" s M
)] e A AHEY Ry v ey s T g due d7Aade
& %] 3t} (Andrews 2} Newman, 1970; DeJager, 1979; Jungk®} Barber, 1974).

ey

4 28904 Qe Al FEEE eI} 2ol 9 Fast FF ARE v,
UP'(l):UP(l); DMP<SPP (290)

UP' (1)=UP(1)+DMP-SPP; DMP>SPP (291)
o] 7|4 P& AA FE EYFIA9 ¢ F4&(kg hat dY), SPPE F EY
ool P FuS AUt ot FEET U F A9 A 201& BE o8 Tt
AE AEE F Ud=FH &ﬂ<Hﬂ/4%%4.ﬁ%=&%%-i%ﬂgﬁﬂﬂ R
SPP7L A AAF ] EHE o] RE FolA 0.07F 2 wWizhA ZF Fwioh
o] Fo] zlt},

20l dd 2 Fov FEY QA A ol EHd Ql dEFAle]9] ApolE
o gt, o v v Aow AlEHY.
DMP=DM( i )*(bp1l+bp2*exp(~-bp3*HUI(i)))-UP1 (292)

o] 7] 4 DMP+= A& {9 29 88 (kg hal dY), DME 4 nlo] Q2 (t hal), IP1&=
EHE]' xL _4 N;q] o] 61:}‘%}, bpl, bp2 ol bp3+ xLU A A ELA(HUI)E 4/\1-_4 P
FTEE Rdste= FE Sl B9 P 3% AAHLPF)+= CSP7F 20 g t-
o] w HAlo] S48 el ol 2E3 Bk Mo ik A EotA
o] FEe} YA 3t}(Sharpley 5, 1990). Sharpley 5(1984, 1985)& EF 1A
PEHH Y CSPeF 71 & EY A4S AEske Wl dis] A,

A A3 (Growth Constraints)

FAAJA HE I FRFgE Fw @4l Jheke Ao i HE ATs
derh, 2 BEe SR, %, 22X, §7] 2 5A Fo] opldke 2EUXE
dEett. o]y 2~E# = W= 0.071.00H thgd wHor FAEo] JgS
PIRIT APEX BN AEHAS dste] vlelema 54, He] A B
e A 8as oS3 vlelem s AE FE, i, 25 B Sk B9
HaAolth, He AF Ade BEY A=, 2= 8 dFvuE 549 HxA o
FTES] EFHE S40 oy E7] A ARAd dFs FVIE AN APEX



mee ma Ay FE A AAES B3 7hHH dFH S o3t zb A3
AAstsd Bojsts 2EHL el tie dEE v
"}o] @ vl A~ (Biomass)
U9 A& Fslo] A w3k 5714 e AEH A A T o= duEtE 1.0
o7t & A 4 2755 Fote] AbwE HAAC vhelemas AW R 2.
DDM' =DDM=+REG (293)
o714 REGE 2HE TS 2483t AAHFH AT 2E g2 Q1Ap)o|t,
F8 ~EY A(Fater Stress)

T 2EdY A JAAE oY oA Foet ¥uS ayste] AEE
WS(i)=AEP(i)/EP(i) (294)
A7)A WSE ZE jo st Fi AEF A Oz}, ARPE FE FR o]&EF5(mm db),
EP= A&l #AAel 48 o]&E(mm d1oltl. ol 7FEo] F4F A Hl# sty
Hpo] Q mj A~ AAbo] ~EYAE Foh= WY A5 gt

2% 2E Y X (Temperature Stress)
g 2 2EHAE O How AEH.
TS(i)=sin(1.5707+RT0); 0.0<RT0<2.0 (295)
TS(i)=0.0; RT0<0.0 or RT0>2.0 (295a)
RTO=(TX-TBSC(i))/(TOPC(i)-TBSC(i)) (295b)
A7 TSE ZEo] &% AE#HA Q) TXE H 99 7]2(°C), TBSCE & i)
sk 714 2%, TOPCi= 2H= o dish HA Zolt}, 2] 205% FHA =9 djsh
g3 2HE A 2Eg2olal o] H dY 2% 9 sH.
R AEF A(Nutrient Stress)

Aot 1 2EYXA Az Rojd & Ao A sy HAZke x4
ZIHkstth, ~Eg A QA= FH A9 ﬂ*ﬂ-ﬂ Q%%M]JMH Aol 2lo] HH
T Autd o 0.07bA] v EH o7 WMITH(Jones, 1983a). FA9 AG- L A7)
ZA e ue3 2.

SN(i)=SNS(i)/(SNS(i)+exp(4.065-0.0535 *SNS(i))) (296)

SNS(i)=200.*(UN1/UNO) (296a)
o] 714 SN& ZE jo sk dd AA ~Ef A QA SNS= A ~Eg A sk
A7) A oz}, INIE &g Z&Eo| oist AxAl @A 3ek(kg hal), INOE= %



Amo] dg A4 Ah FeH(kg ha)(4 287914 AEH Tl
Q1 2EZ AAQ P Q1o TAH A 2062 AHgshel HEHTH

%7] 2E# X (Aeration Stress)
of % w AELS TV 2EHXE #AA 2 F
] E

=
o} EF 4H Inel i FFo] weldch,

AS(i)=1.0-SAT/(SAT+exp(2.901-0.0387+SAT)); SAT>0.0 (297)
AS(i)=1.0; SAT<0.0 (297a)
SAT=100.*(ST1/PO1-CAF(i))/(1.0-CAF(i)) (297b)

o] 7|4 ASE ZE i i 7] AEYZA 291, SATE %3} oA, STie Edo] A
I moll A 2485=FS AL & (), PO EYO AF 1 ndA TZET-LFE
ALt FF5ZFmm), CAFE ZAE o digk dA &7 AA (A 2= A5
0.85)0]t}. mlxato @ REGEHE ~Ed 2~ 2z WS, TS, SN, SP 2L AS Zo)A 713
o Zrow AARHEL,

Bz A (Root Growth)
2 2790 A A3l R ¥ IS fE o] gk vlg gk, 2] 2830 ufEw
= Zlo], i = 2 WA AGo s AEEy. B
_/:E

S B¢ 2= 53 AEZ Fol HHS & u oo AHS A 4
A (Taylor, 1983). ZF E%=o] i3t &% AEYAE t}L9 2o 7 A==},
STS(1,1i)=sqrt(2.0«STMP(1)/(TOPC(i)+TBSC(i))); STMP>0.0 (298)
STS(1,1)=0.0; STMP<0.0 (298a)

o714 SISy E%= 194 #AE jo it &%
TOPCS} TBSCE= ZHE o sk 2z 9 7

EY 2, Sl EY 2% (°0),

X
rfo
i
o
£ 0>

B AFE Fot ES ALTF By Aol d3¢S Fue ARAo] dE AT
B e oigk 3714 783 A4 80 &4H|F AR

1972; Monteith®} Banath, 1965; Taylor %, 1966). TF2-2] A& Al-&3Fo] APEX H 49
EY A 2EH2 QIAE AETE o] 25 37EA Y WaTt e .

SS(1)=BD(1)/(BD(1)+exp(br1+br2=BD(1))) (299)



br2=(1n(0.01124*BDL)-1n(8.0+BDU) )/ (BDL-BDU) (299a)

br1=1n(0.01124*BDL)-br2=BDL (299b)
BDL=p2+0.00445+SAN(1) (299¢)
BDU=p2+0.35+0.005+«SAN(1) (299d)

o714 SSv= EYFT 19 EY A% 2x, BDe FE SR 2 2AE EY
SR F(t m?), SANS EFT 19 B S0, p2 Ze o] 091 B g
Wl ~Edg el A dA fH4uFola, brld br2e EAC whE wjsjEgolt),
br1d}t br2 #e AEZzo] tisk AA 2@S thAste] 24 2995 FAlol 23
AdS = Uuh. $e AAABIL) A AAR AEHAE #HAEA 2=vH(SS=1.0)
(Jones, 1983b). ¢ 74 A= (BDU) oA SS=0.20]t},

T8 geks n A LAH|FES Grossmand oZ2 AFEE 4 QItH(Grossman =,
1985) .
BD(1)=BD3(1)+(BDD(1)-BD3(1))*RTO (300)
RTO=(FC(1)-ST(1))/(FC(1)-S15(1)*(4.083-3.33*BDD(1)%-%%)) (300a)

o714 BDE E%E 1o g $8 IS WA f2u)F, BD3E 33 kPa FE
stekoll Ulet SAHE BDE QB AZ B S$ANF(RE £388F9 w: ¢
m?®), FC, W % ST& X24&5%, x4 9 dA 239 EYST 19 dig 5%
3= (mm) ©] T},

AFHE S A5 M EGFAA Y AFS A ¢ Jdon dFHE
Z3be= olefgh gEkd tiste] FW Al 2hol= A Folth(Abruna &, 1982;
Brenes¥} Pearson, 1973; Pavan &, 1982). =3 5L LFv|E SJAd ojgh
WAl ApolE ®ol7] wiitell(Foy 5, 1974; Mugwira 5 1980) APEX ==
dFrE 5A4S oldst WY 42 gddth. By A 39 de ¢
=4 2EH 2 808 g9 Ao=E AkEET.

ATS(1,1)=(100.-ALS(1))/(00.-ALO(i)) (301)

o r

ALO(1)=10.+(ALT(i)-1.0)%20.0 (301a)
o714 ATS= B 1o digh &g 54 *Eﬂﬂ’“ AAHOT 1), ALS= &Fvls
E3HE (%), ALOE A= i7F 2E# A glo] Ad 4 A= Ho ALS # (%), ALT= 2=
o] 4FvlE WA A ]E} UheFgE #hEoll tiek ALT #he) el 17 50|d (12
Wz, 5w Aol s oneth). wixEtem el AR AR, RGF= SEHS
A= SS, ATS 2 TSS9 7} S gholtt.

.



ZE2 83 (Crop Yield)
25 FEHS SR AEYaR op|d 8 A5 #AAw 7

a
gz Ae AAAA NE AFAA Fa A% T4 ash A%
S

oL [Ukﬂ,
4
3
o

) 559 =
2Ef 2o E3 97st(Doorenbos®t Kassam, 1979). A& o] w3l A =Hd&
Fdel vl wE AEFTY HHFol A3 AAZH FEFo] AES S o
TEA G AT ol AA dojdr. treo Ao wElt F£E XFEeE FE
SEY 2 ggs WUt
YLD(1)=HTA(i)*HE+PSTF(1)*STL(1) (302)
HIAC1)=F*(AJHI(1)-WSYF(i))+WSYF(i) (302a)
F=SWH(1)/(SWH(i)+exp(5.563-0.0315«SWH(i))) (302b)
AJHI(i)=HI(i)=X2/(X2+exp(11.11-0.1%X2)) (302¢)
X2=100.*HUTI (1) (302d)
1714 HIAE ZHE {9 F33FS AZasd A" 8 A5, AJHIE 2od 24
T3 X4, WSYF+= HA& 8 A4, HI+= 4 8 A4, HE= 714 8 &f,
PSTF= ‘&%’  HEoA =9d =od s <x, SILS 84 73 A

vio] Quj 2~ HUI= € w9 Aolal SWHe 8 Ao 7Mg & o

AE AT dF 7 FHEE FEoA AT FRb) EojH & o] &oltt. A
302ce] wiZRWE HUI=0.59 ®] HIA=0.1, HUI=0.959 w] HIA=0.957} ==
ARG, oA A A7I7F A e gOE olf=E A dEE A ZAH #F
A HE 95 4 ok, 2] 2039 w74 SWH=10.0 mmd wj F=0.05, SWH=100.0
m w F=0.907} ¥ == A,

Z+E 73+ (Plant Competition)
A48 4% we WRGE FBI A% w: s
4 zelg @ 4 Ak 1079 428
o). ZE A3 84+ U ALMANAC =2 (Kiniry &,

M, 50 GRS sls Addn. 1 Ad Ay
1

l5s
*
[¢)

TS (i

FAHT.

< kel AL Feel did A& fFH VIS
3 AlgETE. o] A& 29l 1271¥€e] otF= AATIE 7R A H gt
= =2

Qlaasind
Agdtt. & 2ol 1270d e AFVI= o HA 7ol 5 °C Htp WH7h= 2ol



Qe Sugth. AL FHAN EAT A ol AY AgY Ak AF FoA
Qo] 1A7E ol el A7l FelHnh

Agol Agel Fuol Sog A% o v F
b e W AR Agel g Aol
Foglth, FAY AR delevas gud A5
712k Fqk paels] A

Y rlo

STL" (1)=STL(i)*(1.0-F) (303)
LAT" (i)=LAI(i)*(1.0-F) (303a)
F=max (FTM, Fh) (303b)
FTM=ATMN/ (ATMN+exp(bf 1(i)-bf2(i)=*ATMN) ) ; TMN<-1.0°C (303¢)
FIM=0.0; TMN>-1.0 °C (303d)
FHR=1.-HRLT/WDRM; HRLT<WDRM (303e)
FHR=0.0; HRLT>WDRM (303f)

o171 STL¥} SIL'+= 8hE7F Al&star Bues Alde #2439 QA blo]ewias
olmabar, LAISF LAI'E= 993 A=, FINS xﬂi 2 A, FHRE 4 A A},
TINS &g ol gk HA& 2%(°C), ATMNE Azt TN, bfle} bf2e & wj/f¥<,
HRLT= 2] 16041 Al @92 AFEd 44, WRME sl X199 A dFolA 1.0&
H gk #k(hr)o]tt,

3k ghalako] ZHEC] FAbol| digk 3o

i3 1Tk, FIM+(1.-SNOF)>0.9% wj 5A}7}
Adojrtr}, o 7] SNOFE= 4] 273boll A 2b&H A A=

Aot

2.9 742 (Tillage)

27ke) Ae A EF £207 DS FPwed 4e EFAe ooy 2
X(1)=(1.0-EF)*Xo(1)+EF*SMXo*(Z(1)-Z(1-1))/TLD (304)
A7) K= EF F ESF 1ol A9 B4 Fke ha)S @tk X EFA
249 kg ha), EFE 38 Ao £F 28071, IDE 28 2ol (), Mo
£% A DU B4 Hkg ha), 2= HE deiAe] Zolmelth. 4 304904



Mo

dol FE(1.0-EF)2 =gH~A &1 g 2H(EF)S 4
A EALE T

7 Be Aol e AR §HNFS el Hom mejw,
BDP(1)=BDPo(1)-(BDPo(1)-0.667+BD(1))=EF (305)
o714 BIPE A% AY olFe] §HMF, BPot FE A olde] EFF 1
§4MF, BE e A4Y F 9asl Ashd £l gAMFolL. theel Ao

s e A Abole] F7t WAT W Ege FshAnh,
BDP(1)=BDPo(1)+F=(BD(1)-BDPo(1)) (306)
F=SZ(1)/(SZ(1)+exp(3.92-0.0226+SZ(1))) (306a)

SZ(1)=0. 2#XXx(1.042. 0+SAN(1 ) / (SAN(1)+exp(8.597-0.075

*SAN(1))))/Z(1)*
A7)A SZ= BEokE 1o thdk A7) 2A ozl XXE Y Zomo Sl (m dY)
(F20] w3 RFV-Q), SANS &l =o] e u]golt}. 4 306a2] A4 wjjHss
$7=5.04 w 10% Ha}, $7=100.0Q4 @ 95.0% HaE IS & A== AAHETH, wpebA
2 ReE £ RES 100 m AFE T Ae sl Hspddh. A
TFE7F Ax; Hol AE mede BEdd AS w2 st
iJMEiEﬂﬂHEW—WE%ﬁp}%qﬁqwkf%ﬂﬂ%ﬁigq

=]

(306b)

STD=STDo*exp(~56. 9+*TLD+EF) (307)
o] 714 STDpe}t SIDE= AL &Y A/F #=2Ad 7ZALe] FEA(t hal)olar, TLDE A&
Zl o] (m) o] t}.

B 8ad vE Jled FHE Eelsh (A Fal AxW 2EE Rde
sk, olef ek M= 2t Aw AA wat FAH R WAL v, ey T
A3 Foli= AAsh ojde] AL A adE HIHom ukgdsr] fste] 74 AL
el 2t F A=d 7 Av. F5 Fole twe] Ao et

RHTT=RHT (k) +(RHT (k-1)-RHT (k) *exp(~TLD(k) /TLD(k-1)) ; (308)
RHT (k) <RHT (k1) (308a)

RHTT=RHT (k) ; RHT(k)>RHT(k-1) (308b)
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2.10 A= 37 Ao (Plant Environment Control)

2.10.1 vi<(Drainage)
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W (Irrigation)

2.10.2
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2.10.3 H| & (Fertilization)

Abai}

‘IQ]‘
]_

3} 3}
-O

Z0
al

go
=
T

A}
fei3
=



AgE AEAX(FAE dhx 2EHE FF(07 1))tk I FEo Algd
A A4 (kg ha HF 2 AE F7(D)E £33,

re oo
)

2. A58 BA- AAgAF A MR EF L wEs} FEA 4gAT

Hi g

AR AR gA- B oRde AR A Ak F54E2 d5sn mod
Az Ergol meb vl o] dAZAE guelEdt, MRl g Aol
ggHge W, Agme A7 WF Ax FrEw 290 A
A2 Aoz AEH

UE 54 9 AR HEA A2 AgE A A Ak AEFS WA
5 2 B

Qe 5 TFET. AEA AF 2 AF 9P YL 29 g
AFGe] EEAAUE davtk Y AR AT AG 89 9ol 4F Ago)
o F8, oldd aTFS AT 5

LI PRt
g EF T, FR

g1y,
2.10.4 Z=3}(Liming)

APEX EH2 dFu|go 54 TS SIAV] fEiA Be EYY piE A
FooR o7 S8l AF ARES Rt ‘e FEoR FsiE” EY 7|
e Ede]l Haw sk s 77l wE dasol
AFgEItH(Oxisols, Ultisols, Quartzipsamments, Ultic subgroups of Alfisols, Dystric
suborders of Inceptisols) (Sharpley &, 1985). ©]&]3t E U2 pHE 5.5 FFO0 =
7713 % Vs ¢FHE s v H2d dHE dssr] fsiAe AEd 49
A37F Hostth. Yy olgd EG pHeE 5.5 oY w2 TR st

pHE 7.00] 2As FFo 2 Tojyly] 9 H4ds we o A3y dasith, 1
Az 7t At AEE Xt B A9 dF| SIAHE Ade FroR

HaA717] Sl M3E E=EeA H v

mlr
H:l

ZF BT A3 ZEHE v How = 4 At (Jones, 1984).



ALS(1)=154.2-1.017+BSA(1)-3.173+WOC(1)-14.23*pH(1); pH<5.6 (309)

ALS(1)=0.0; pH>5.6 (310)
714 ALSE KCl HEA 4FvES F5 Yol (ECEO)ez Yie o=
EE A EYS 19 gFvE XY E(9)E 9 vshe, BSAE NH0Ac (pH=7.0) % el
ole] AAH ol 23 (CEC) A AHEH A7E=(%), WCE F718a &%),
ple B plolth, £& 3oz F3d EYY 4 HAEY 54 dFuES
Sstsl7] St Qs A3le bie] Aog AbEgit

RLA=0. 1*ALS*ECEC*BD*TLD (311)
o714 RLAYE 4Fnly 32 el a3 A3 (t hal), CECE f73 Yol
W35 (cmol(pt) kg'l), BDE E9F &AM Z(t n?), TLDE A% Zol(m)e]t}.

ECEC: SMB/ALS(Soil Survey Staff, 1982)% AF=H+=d], o7]4] SMB(cmol kg
D= NHiOAc (pH=7.0)oll A FZ% 94719 Folt}. 24 0.1S 2 cmol(pt) CaCOs7} 1
cnol(pt) ] F= 7lser ¢FrEs SdstA F3A7I=dH 8sith= 71 st
cmol(pt)  kg'el FE7E  LFvES od  AgIE CaChs(t haHE
W lsth(Kamprath, 1970). ®id ol o3t XM3Fs FF317] 98] =83
37} Al S¥ . RLA<L t ha'dd A5 A3l AR et 437 AlEE0S o
AEZ ] pHE 5.42 F7HE AL ALSE 0.00.2 FAadT),

A =
T YRy, 8 Ai dEE e o5y EEA IAdEYa ZpA S
TAE FAA = v 59 Calls 572 1.8 kg CaC03 kgt Nebar 718 Hth(Pesek &,

1971). ol AE8o® F 5o tidl Pierre S(1971)0] F3&Eo] ol
Nyatsanga®} Pierre(1973)9} Jarvis®t Robson(1983)¢] K13k HZF W o
=) gt}

wo] vjd A ZEZO pHe HA HE9 A nAgd & op|EH= f7]
¥3sle] Wsl=E dkgdsty] e aE. 97 3t WEle tee] Aow AEE).
DSB=0.036%* (FN+WFX) / (BD*TLD*CEC) (312)
o714 FNE Y dXo| F7t8 A v 8% (kg haholw, WXe FoztEd st
22 143 (kg ha)S 9v|3tc}. pHEtS v 2oz ZHadr),
PH=PHo-0.05+DSB (313)
o714 A 0.05% BSA Zko] 60790 Alold uw) oe] Eoko] st pHe} DSB 7+¢)



BA 7179k ZAXE o] &t (Peech, 1965). UE E%o A9 o3I A3
Eoko] pHE tho A we} 6.57H4] Hoj2e]r] Y& 2o 4
RLA=0.01+BD+TLD*CEC*DSB (314)
o714 DSBE E% pHE 6.52 Z=7A7]7] & Zedk o7 xILe WIS
oulgitt. A4 0.01> Al-&¥ CaC0s7b s7Fe] WIES} CECSF whs-stth= 73 sloll

DSB(%)Z o] Adsl: CaCOs(t ha)&E W3},
DSB=min((.5-PH)/0.023;90.0-BSA) (315)

23 o] A Ze EYY A9 RA2.0 t hatd w A3E A
AgHT, 37 A]85o] pl7t 6.562 WA 7] E3st=+= DSBol ols|A S7FE .

2.10.5 W3 Z(Pests)

EX BN mess gaEe 3744 fEow B, g 2 42wy
T3 A8gel JdUYe R BAF AAE B wAHed, gz AL 4%
B REAA moE AR APeR meldnh. 34 B P nelw
g WelE Axbel goms AZHt. WHaF ARE 0.071.09 Pl
gtk 102 WAF VAt fee ovdm 008 WAFoR AW F B
TAFE U, WaE AT RE, FE D AR A8 F5 A6 ey
SRRl

PSTF=1.0-(1.-PST(i))*Z1/(Z1+exp(2.696-0.499+7Z1) ); PSTS>0.0 (316)

Z1=PSTX*PSTS/IPST (316a)

PSTF=1.0; PSTS<0.0 (316b)

PSTD=TMN*(0.01*(ADRF-p9)+1.0); TMN>0.0; CV<plO (316¢)

STD=TMN; TMN<0.0 (316d)

714 PSTF= A= 835 2487 918 A8 Walls A, PSTe Aael i
Hae Walls ARGk, PSIDe dd WalT A4, PSISe dd 74 Hills A+,
IPST= A7) 717H(d), PSTX= Walsyls] 2719 AxF, TN &3 de] FHa
S52(°0), ADRF= SAL iolde 30d Fte 74 AF(m), pd= dA 30
A (mm), Ve A3 A2 (3 vhol v~ = Dt ha'), plo> A A3

&5k (t ha')e]tt.

Wb BalF ARE FEE AE ARl Yk BEAL &8 776l FEHER
Frbsta we emelM gadth oldd AwAcd WAF AxE s1Fusie



daE el E TAe T8 AolE Anenz s Awolt
FFS AHEERS W HElF Aes geo A8 AMRsl ZAadE 5 9l
PSTS=PSTS-1000.0+PSTE (317)
o] 7]4 PSTE= 0.0~ 1.09] O]E%} TS E3l A AEo Y. wEkA AAEL 1.09
ZRea HallE A5E 79 1,000 ¢ 2 ad),
2.10.6 1% A% (Furrow Diking)

A A8 gato] Fed SRS BHESY] Y g woTo e o)A
A FEH8E Bk, olgd AL FAFE ZAaA7I7] Wi A A=
Lol #Hrh. APEX«] J_% Ary Rl F5 7HA Fokx] gkal Y3t HAo =
A& g ol TE5E & JA . AR AAGE VAAE T 5
w= A 7 o}E}. oz E3 A7 Qs FAGF dAAAVE AN AFHS
Z38 4§ EBo] |Xa dAdE FAFE EF AdEY. ¥4 28 F$ 2E
IS5 %1‘%’53}04 Ao ALgE £ IA Ao FAFTE ANES Sy F§ B
nde AFHor ols ATEHITh. Ao AFHFL g Aoz AEHY

DVOLAFDSE (ADHA0 . 5 (AgtAg) * (D14 . *DH ) +As+Ds) / (RINT=DKIN) (318)
DVOL=FDSF*Ao* (DH+. 5% (DH/STP-2.0%DH) ) / (RINT*DKIN) (319)
As= . 5%Dox (TW+BW)
As= . 5%Dsx (TWs+BW)
TW=RINT-DH
BW=max(TW-4.0%DH,0.1 *TW)
DI=DKIN-DH
D=DHx(1.0-2.0%STP)
Ds=DH-STP*(DI-2.0*DH)
TWo=BW+D2* (TW-BW) /DH
TWs=BW+Dz+ (TW-BW) /DH
o714 DVOLE Aol &% (mm), DHE A Eol(m), DoF Axs 3HF A w42

o] A 2 SEA(n®)ola, Dof Ase AF A mlgE i A 4
SE A (m) o)™, RINTE o] F4F< Ag(m), TWe= Zo] DHO| FHE, TWeh W
zo] Do}t D39 W E, Bl 3199 weE(m), DKINE AL FAF9] Age|n, DI+



A AFHS 2k Ao W A (STP=0.0), STPE 139 AAMm m'), FDSFE=
ot <Qlxlo]t},

A 318% 319+ ¥ FHI Aol Attelem 2:1¢] SW AFAE T
FEI Ao 9 unE Bdd Hebs 7bg kel A=A 27kA 9] A el
Fel7t shedd MR ot v sidwiel Fasit. duwkHoR A AL
AR FHI (1.0~3.0 m), 1FE FAe FdH R FFSrH<1.0%). Aol

F =
[¢)
A

(e}
A& A H7AA o], oluje] & A
AR Th A 31804 AAE o] FIEWE 3T (e A e wigat Afe],
Al Tt Abel, A A wietel A AbeelAd EFE At o
LekAnt v 553 Ao WA e = 4 e A A et fom
oA A =tk 22 shte] wio] AwEaL o] wje] FFE A 3190 wel
o AbkEdn. ks sAA Y] Ht A 2 A
= 3198 F A=dEd. 28y

NG A B ek Algel 4y
e T AW W AP vwy

=

[e)

W MRS 2:17) obd £ 9

web XomEe AgAt Ay welshs AW ok AREHE FH FAA
O} %

A gt =215 a1 5 Advk. A b A= BAA e HA o A

FE7h A 92 g 2e RS 3PS gl AYF:

DH=DHo*exp(~0. 1+YW-Y) (320)
{714 DHo¢t DH:= 4 A5-o AW =ol(m), Y& YW= USLESF WECSel ofaf h=+#
B9 242t hal)ol =4 3200 A HA FdeE o8-8
Z+Z2~¥t}. DH/DHx0.7Y

Y
4
Hr
ki
o

2.11 73 A (Economics)

APEX R dle] AAA F44 842E B
Alz="olegt 3 ¢ Q. o] daugEFS &
ZIZet. HE(E S F 1F
OEA] g AW|7F Aot F

7155 ] HAdEd, 8 olFeo RE AYe &

B,



Ao (22 Q) A 2 ]

—

=
o

Hol =

APEX X dl o] A]
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o
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EdEe =
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g7
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olt}. MBMS
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o 5] APEX X<}

RERE]

s

d

H

1979) o)A 7w F

Generator (Kletke,

71 A

S

Aol

A =
W] APEX w4 7)7] ddz #HA

e

TH

] E]

HHE =

Eis

o] 2]

T

g

%

tod eid ==

= 58
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Al 3% APEX 3 74 84

3.1 =& (Water)

WPEX BES £ W AgAe Fd FES FAT £ AE T PEe
Agsed, AU BF KF W% 4R 4 T FAPel aglolt, T4t 2
AL 84 gt SRt 9 us) /MeR FRY 2w ok aey ol ¥4
= 5 Fon o9 =AY o¥L

T8 HAo] v WA H R fFooA fEde AL sE, =HA4E,
FE R ] FE Roshe= AolEtdl o w9 WA AR AEAE At
oL abs el wlg AEHR et e WA Al B frEES Ha
How e

q=Q+WSA/ (360. * (DUR+TC) ) (321)

A7 & =T Fdel dE H FEEW sHES dulat, e FYd®m),
WSA= st=7zt 91 999 WA (ha), DIR= A5 A%H713H(h), TC= st=73F 9
el =EARk(held. = 8% At = 74 ol Mamning A&
olgste] A= F k. FEO FW AAs v Hew AtEd.

CSS=0. 5+ (CTW-CBW) /ZCH (322)
o714 CSSE =29 FH AAHm mh), CIWE 22 S Yrl(m), CBVE F=22] o}
UHl(m), Zos 2 dol(molth, FRo] &2 t5o Aoz AhEdr).

il
ol
ox

o
AN
)
2,

Qep=CHXA! %" sqrt (CHS/CHN) /CHP-%¢7 (323)
CHXA=0. 5Zcyx (CBW+CTW) (323a)
CHP=CBW+2.0*Zcyxsqrt (CSS*CSS+1.0) (323b)

AN qp= FEO £’ s, CHXAE 5 AH9 dd A (m?), CHSE AAME (nm
1), CHNS Manning n %, CHPE A Zol(m)olth. ¢<qupd AS$ F%& F2 U9

ZRID §F SEE A $AAS E7]) 9 Newton 7P o] §3ke] Az}
of dMe AR FEEL D7) A% £F YolE 2AAE AL THVTHQ)
FRol §% £EE AFES AR Yroud 98 F 3

VCH=q/(Zcy" *(CBW+Zcy'*CSS) (324)

o714 VCHe 2 AP f5 ZolUa’ . mol tid F5m sTHolth. q<qp¥d A5



(327)
(328)
(329)

(325)
=gk WA

9] Manning 2Alo.=
(326)
AAE (mm),

2 e gholtt.

T

T

t}

Manning n %k, FPS

©

(m s} Zo](m)ot}.

kol

ol (m)o]aL, FPN

L
RN

3

pal
2=
s £52 4

T

4 o]

TRT=FPL/(3.6%VFP)

o] 7|4 TRT

T

L

T

(qf p*FPN/ (FPWxsqrt (FPS)) )6

AZIM Zw7t WEL e FE

FPW+=

pr/ (ZFP=FPW)

714 VEPSl Ze
arp~SC*TRT

q~dcp

dfp
AZIA g
=¥},
ZFP
VEP
arp’

==

3.1.2 7P AFAE: 3537 7(Variable Storage Coefficient Flood Rout ing Method)

AE%(mm hh)olt).

}

A
pul

e

A

o
T

A}
H

o
T

1975a)
b},

Z1H (Williams,
)

s
A

=
T

S A~
T

A 5 A= (VSC)

7+
G2 (AW o2 0.1~1.0 A7) FEFAe Ryt Jhe

o}

ECEE RIS

5]

LO JL

o)

+
M %
oF o

X (Subarea Hydrographs)

79

AlF el

T
T

b Eu

°©

f

0|

ol

X b



STH=STHo+DQ (330)
o714 STHeek STH= 31 ko wpA=r A2 (el F9el Ad &3 ()<
ojmate], DR S Rbel Wik 23 A9-Fm)E o v g

A%A AFAL AEPL o] g3t

STH=STHo*exp(-p73*DTHY/TC) (331)
o714 p73& wi/NES(0.1<p73<1.0)o]t}. DTHYE AzF 7HA(h), TCE G99 w4
Al ZHh)olth. 99 FEELS 2 3303 331 Asstar x7] AFEolA wRA 9t
AEFS wjal g &R HEste] 98 S .

qny=(STHO*(1.0-exp(p73*DTHY/TC) )+DQ)*WSA/ (DTHY*360. ) (332)

%
ofl
4
o
ot
r (]
>
S
ot
rlo
K
i
i
)
)
0

&
~
>
2
rlr
Ho
12
1o
Jo
i
(1
EN
wl
o
1o
=)
_O‘E
k=
=
U
=
rlr
i Ho
12

= 2 B oA i He AEE AT (Willians, 1975a).
Mo 2o 7Y e 7 S2E(HE 7Y 8ave Ve duAtgsiy
=

O

elshs qBe @t A mEelM Fu BB a7 A A AAHeR
AESAT. AT V1R el A% Roo] AGHAT fY9 RE FEIMo
g e A ARFGH FEES FAFE A g FAHA Aeg] FAHo

= =3
A Y. A7IA = ARl WA ARke]l AAH
eE(qiL, qiz, Qot, Q)= EHHET. 759 FEadS &
Q1= 7] DAl A e F gholth(old A @A <]
ol Z+ Az dAl A A Eojof g},
1. vy WA € Fst7] 918 Newton Heol FYdE(qi)d T2 %
gde 7letetd Fx2E st AAAR] FE ZelDi)E 7387l 98 Manning
o

. AEH DA Yol qee AFESH] s ol&EHY. ¥ R gs=qaol tiE

12 gsoll wet Dops 73k7] flal whbEEn

A) ~H=

B) fre & ted Ao Abady
V=(qiotgs)*sqrt (X1)/(Aj2tAs2)) (333)
X1=(RFPL*RFPS+Di2-Do2) / (RFPL*RFPS) (333a)

0) 3= ] o AgHE thge Aoz WEELh



TTr=RFPL/(3.6%V) (334)
D) VSV %4 A5 thee] Mo AEdrt.

CVSC=2.0«DTHY/(2.*TTR+DTHY)) (335)
B) #58S thgel Hoz A,

Qoz=CVSC*STA/ (3600 . *DTHY) (336)

STA=1800. *DTHY*(q;1tqi2)+STH (336a)
F) §8e theel nez A5,

DF=abs (qo2—GS) /qo2<0.001 (337)

G) DF>0.001Y 4 A/F 2812 gs=qp AAHO= :
H) &4 st 7o) AFe] dUlo]lE Har o] 3 (1/2 &AL 2k AIRF
@A Bk wrEEH
STH=STA-qo2 (338)
o714 gt qio= AIZE FZEODTHY) 9] Al&be) wpxul F3bel] 8l -7ke] fdEm’® s
D,oandt g B8 FEEM s, DS Dt Y 2 #F Zolm), Aust Aie
Fd9 & WA- M), RFPLE 3= 73F Mg doj(m), RFPSE 3t 73+ W#d
A Hm mh), Ve % $%m s, TTE st= 737049 o]F AZH(h), CVSCE VSC
2 Ag, SHHE stx 7o) AFHm®), SIAE DIHY &9te] &% 3k AFHol
JEE Mm-S g3k golt. F9% " VSC REe FEaxe] s FYS
e wf i Fre] Wt uigh AW AlFdohE Aot

3.2 B A& (Sediment)

HAES 29 Hedes 44 S8t 9. 543 HAE 74 W84S
dd 9] F4 A VSCHA AREHET. dd &9 F4 HAS A AS SR
FreEe dld do Aol L& T ol ik FAleltt. VSCHeol Al&=
B Wit F, FE, €% H HAE olwol 74 A APEE AEdT. wehA
VSCE HAE X9 olF(HAE 2HE)Y AF ZEXE AASHA "o HAES
F4 WS Bagnolde]l HAE ols WA (Bagnold, 1977)9] wdE wzlolt)
Mz WAAE £ R ojF vk 9 A=

CYy=CY*VCH™® (339)

714 Y= % FEOCHol digh A4l HAE F=(t m’)olal (V1 & 1.0
m sl t-$EtE ol gk AAHQ EHAE sxoln, pl8E Bagnold AolA 1.5=

A4 whReeln. F4 A HAHE g AAEe] HEe 5 R

AAHQ B 7he] Fol 2 AHHE,



YU=10. *QCHx* (CYy—CIN) (340)

0:171*1 YU= HAES O A4 Wt ha)S gulsta, QCHE g 27049
(), CINS ¢ HAE »%(t md)olt}. YU} &Y 73% FRoA FZHo]
HHAg Sk
DEPcy=-YU (341)

o714 DEPqy= & W HAEY HZA(t ha)S 9n|sttt. YU} 454Y A F29
3l tso] 2o 2EEr).

DEGen=YU*EK*CVF (342)
o714 DEGae 529 H3H(t hah)E on|sta, EKx= USLEC] EZ A 21zb, (VP&
USLES] ZHE3]E Qxlolt), B Ad 259 A &= dJ&Ho] Ao o A

e AEAINH0.3<CVF<0.8) <HgHQl FRES WHAES 7H EdE FAH
ATH0.001<EK<0.05). Hedo st Fsl 2 A2 fAs Aoz JbEdr). st
T E79 HHEHS S HIE Faksld AkEdy

YO=YI-DEP.y+DEGen-DEPs,+DEG, (343)
714 YI¢F YOv= §94% % HAEZL(t hahelH, fpe
oulgitt. st XA FAVE FAE o AT REE
Y2+ =71 200, 10 2 2 wn®] B, WA R HAEES vt 54 A7 YA
BALE 5o Aom AEErh(Willians®t Hann, 1978).

YO(1)=YI(i)*PCT(i)*exp(-Bl*sqrt(PSZ(i))) (344)

o371 PCTE YoM 42 271(PSZ, um)e] HAE(%), Bl A4 28)al HA

i= 2g, A 2 HEE u)dttl. Al Bl Houston Black Clay(m]-$- i1

Azre] HE)ol Ht UA} A7 E o] 83t 4] 3449 FE Fote] A HT.
B1=1n(YO/YI)/4.47 (345)

metA fFE 4R A7) v A 34E B3 s E
OPCTO(1)=PCT(i)*exp(-B1 *sqrt(PSZ(i))) (346)

o] 7|4 PCTOE Hr& P2 271 19 HAE@ T, AHEE BAsty] $5ko
PCTOE 2] 346(i=1,3)9] 3oz ir gto=z FA3oF sttl. o)== PCT0] o] 1o
H s g}

3.3 ¥E(Nutrient)

st A9 #5714 FuE el 8 oFsn HEuE AU Ehol



LS

YNO=0.001+CNI*ER*YO (347)

714 WoE 7] (A Ee Q)9 F5%(kg haHe gnst, (NI 9
F71 GE FE(@ ), RE FENEHD F7] FE FES 4E9 471 G
FEL e )2 JuE. FEUES 479 B7 HAE 94 LEES F9

YEZ YT gt vZ2A EE
ER=PSZM:/PSZMo (348)

Mr o

o FAMe PR wstel MU Aw FAsth. H2E wope) e
FENEL ol g3t RALSE B o BHPI(H 3473} 348) SN Pl HE} I
o] F .

24 74
1. CHL = RCHL

g ARA e
GuL: A e &
ol9| B ool AAS 7

o RIL: 38 shergel fEel aelell
« $2E o|n|(CHL) ol2rAAel AR, b W Ao
Aol =ol d919de Fikste] F4
— . SLEF%O| 42 FETIE Zol a9 = Zo|A
(RCHb) olgatel  asgdle el Eaksel
— gdo| | 91l wE E# E9E olvd
EERCEEIE!
* ole|geel =7 2. Gl > RCHL i
AR SAgge  FAGGgel 0.9 Fe
¢ 79 =14 g 4 %S RCHL-CHL)
OUTLET 3. WSA
&9 FARAWA)E AFE AR FAHES
Frh(] 714 25 3% Fastel FHE7] A 19
Hal ).

(29 3.1) +9 27 % APEXM F4 MAYUSE AREstr] 3 33

Jo






A 47 AFA T 84

2] 4
Two] H& 7IE g 9 AYdAFH A EH.
=29} a7 AA R thst LRES

E&lo] A},

RSV=RSVo+QI+RFRA-EV-SEP-Q0 (349)
o714 RSVp ® RSVE Z7] 2 HFE AF Id=HMm’), QlE FYE, RFRAE 299
o] Aoy, EV:E &, SEBPE IS &4, Qe
XA olt}. RFRAE AF=3}7] ¢ s)o
A3 #do] 9

RSSA=bv1#RSVP"2 (350)
o] 7]1A RSSA= A4 AE WA (ha), bvle}t bv2e 5 #4529} v)g w29 11k

)S sk uj

gk gkl AE Agolnt. sHF7F AlFkE wio] A% WA (RFRA)

EVel SEP= th=9] Aoz Ab=3in,
RFRA=10. *RFV+RSSA (351)
EV=10. *CLE*E0*RSSA (352)
SEP=10. *DT*RSHC*RSSA (353)

o] 714 RFVE 78 (mm d!), CLLEX= 4 9 A42(0.6), EO= &4 22 (mm
dl), DI& A 27 (24 h), RSHCE AFA wiee] 48 AE%(mm hHoltt.
FEe 27k WFRE B A

QO=RSV-RSVE; RSV>RSVE (354)
QO=RR*DT; RSVP<RSV<RSVE (354a)
Q0=0.0; RSV<RSVP (354b)

o] 7|41 RSVEQ} RSVPE HIAF B F wjFRd AFA AFHm®)S grlsie, RRE F
W2 E Eaels F3m® dH)S o n i,

Hgge 24 794 olgsd M AFET.
RSY=RSYo+YI-YO-DEP (355)
o714 RSYo % RSYE 27] B vhAu ARAS HARFS v, ¥ @ Y0
SRR 9 R RE, DEPE fAbe]l BA(RE otk theel Aol mEw fAb:

A5Aol Thebers



CY=(CYO-CYN)#exp(~bv3=DT)+CYN (356)
A7IA (Yo 2 CVi= aFFo Az 2 wpxer 3o AFA9] HAE: w=(t md),
CWNE A ol AAAJA %, bvde HA AFelrh. bw3ge HAE FE&
AT AP ol el A TR SnAlT=H Fadh ARl mE A

bv3=In((CY-CYN)/(CY0O-CYN))/TDP (357)

o714 TP AN FEE Eolyl=dl Q3 AIFHd)olar,  (CY-CYy)/(CYo-
CYv)=0.01°]t}. th59] o=z EAHze s WHesE §olo] 24T
DEP=RSV:*(CY-CYo) (358)

YO=CY*QO (359)

F71 Q1 B Have ﬂ?ﬁ,%
T ool Ao ujd AAk
RSON=RSONo+YON;-YONo—DPON (360)
o] 714 RSONo 2 RSON= %71 B w1 77] Fa gFaF(kg)ol™, YON; R YONo= 7]
Axol F9 9 FEEkg dY), DPONS 7] Ao HAE(kg dDeolth. HHEL
thSo] Aoz AEFT),
DPON=CON=*DEP (361)
OMH CONE frA} 144 F71 a9 vx(kg tHE 9nlett. §7] A4 dF H4=
=9 W2 CONS ZAA 3},
CON=(RSONo+YONI ) / (RSYo+YT) (362)

T,
ﬂm

F7] A&k FEFEL2 2 3619 93 2r=H.

YONo=CON*YO (363)
7 Axsh A AA FARG AA S8 Ao PFHL Y FFL B
FR4e B BEu.
RSSN=RSSNo+QNI-QNO (364)

o17]A RSSNo % RSSN+= &< #HA Z7] 3 whx7 (kg =
WO= & A9 FY 2 fFEEke dHS gvjdt. FEES F5% &9
oIt

QNO=CSN*QO (365)



ARA U 8F Ax FEQ Nkg n)E 94 E3bo] olRojdri: 744 sl
A
CSN=(RSSN+QNT ) /RSV (366)

FAHE AEAY o) §F Qo AR






A5F Asty 74 24

Astre] A% +3d B8 b3 2o,

GWST=GWSTo+QV+SEP-DPRK-RSSF (367)
o714 GWSTost GWST+= 3id €9 A& whx 2t &3] Aot (m)S o] shaL,
Ve 2@ AFEEG@n 4D, SEPE AFAY HEE@mm d'), DPRKE A|§H
AFA e AEE(mm dY), RSSFE EAF £%(mm d1)o]t}. DPRKE} RSSF &A1&
Aste] AFA AF A £ AFE St AEET.

DPRK+RSSF=GWST*(1.0-exp(~1.0/RFIT)) (368)
o7]14 RFITE Askel AFA AF AZHDS 9r|$rt. DRRKS} RSSFe] #&8-2
oo Aow A5 F Ut

o

MN

RSSF=RFPK (DPRK+RSSF) (369)
o714 RFPK= &3 7Aleeln 4 3682 4 369= diAlste] v&s 92 5 3

RSSF=RFPK+GWST*(1.0-exp(~1.0/RFTT)); GWST>GWSTH (370)

RSSF=0.0; GWST<GWSTH (370a)

LA S Foke] A=
GWSN=GWSNo+RZLN-RSFN-GWLN (371)
714 GWSNo9} GWSNi= Z719F mix|et &5 H &5 (kg ha S 2w|slal RZLNS
Ao HAh AE v E(kg ha! d1), RSFNS BHF2o A4 v (kg hat d1), GILNS
1a$ﬂx%:4§1%&gM*&W%ﬂﬂ§4.%ﬂ of EHE AArY HES
SEI At da 9] wolth.
RSFN=CGWN=RSSF (372)

GWLN=CGWN*DPRK (373)

o714 CGINS A8k Wl A9 F%(kg nm')eltt.
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APPENDIX A:

al

a2

A2

A3

AB
ABCO2
ABD
ABL
ABP
ad

AD
ADRF
AEP
AG
AGPM
ahl,2
Aiz
AJHI
AKN
AKV
ALMCO?2

ALO

NOTATIONS

Coefficient in wind speed equation.

Exponent in wind speed equation.

Cross sectional area in m? at the toe of the downstream dike.

Cross sectional area in m? at the toe of the upstream dike.

Soil albedo.

Allocation from biomass to CO; 0.6 (surface layer), 0.85-0068*(CLA+SIL)(all other layers).
Average soil bulk density of the profile in t m=,

Carbon allocation from biomass to leaching.

Allocation from biomeass to passive humus; 0 (surface layer), 0.003+0.00032xCLA@ll other layers).
Crop parameter that governs LAI decline rate.

Air density in kg m3.

Accumulated 30 day rainfall in mm.

Total plant water use rate in mm d2.

Acceleration of gravity in m s2.

Standing live and dead plant material in t ha™.

Crop parameters relating HUF and HUI.

Cross sectional area in m? for flow g.

Simulated potential harvest index.

Nitrification regulator.

\olatilization regulator.

Allocation from metabolic litter to CO> 0.6 (surface layer), 0.55 (all other layers).

Maximum ALS value a crop tolerate without stress in %.



alp
alps
alpsu

ALS

Maximum fraction of total rainfall that occurs during TC.
Maximum fraction of total rainfall that occurs during 0.5 h.
Upper limit of alps.

Soil layer Al saturation in %.

ALSLCO2 Allocation from lignin of structural litter to CO2 0.3.

ALSLNCO2 Allocation from non-lignin of structural litter to CO, 0.6 (surface layer), 0.55 (all other layers).

ALT
ANG
Ao2
APCO
AR
arl,2
AS
ASCO2
ASP
ASPR
ATMN

ATS
AVT

AX
bl
Bl
b2
b3

bcl,2

Al tolerance index number for a crop.

Clockwise angle between field length and north in radians.

Cross sectional area in m? for flow go2.

Allocation from passive humus to CO 0.55.

Aerodynamic resistance for heat and vapor transfer in s m™.

Crop parameters used to partition root weight as a function of total biomass and HUI
Aeration stress factor for a crop.

Allocation from slow humus to CO> 0.55.

Allocation from slow humus to passive; 0 (surface layer), 0.003-0.00009xCLA (all other layers).
Mineral P flow rate between the active and stable pools in kg ha-1 d-1.
Absolute value of TMN.

Root growth Al toxicity stress factor.
Long-term average annual air temperature in °C.

Furrow cross sectional area in m?,

Probability of a wet day following a dry day divided by probability of a wet day.
Parameter in sediment particle size equation.

Temperature for wet and dry days.

Ratio of mean solar radiation on wet days to mean solar radiation on dry days.

Crop parameters relating RUE and CO..



BCV Lagging factor for simulating residue and snow cover affects on surface temperature.

BD Soil layer bulk density in t m=.

BD3 Bulk density for 33 kPa water content in t m™=,

BDD Bulk density of the oven dry soil int m™,

BDP Soil layer tillage/compaction affected bulk density in t m=,
BDPo Bulk density in a soil layer before tillage in t m=.

bel Coefficient in enrichment ratio equation.

be2 Exponent in enrichment ratio equation.

bfl,2 Winter dormancy temperature crop parameters.

bhl Parameter relating mean relative humidity for wet and dry days.
bi Rainfall interception constant

BMC Weight of C in soil microbial biomass and associated products in kg ha™.

BMCTP  Potential C transformation rate in microbial biomass in kg ha™* d.
BMN Weight of N in soil microbial biomass and associated products in kg ha™.
BMNTP  Potential N transformation rate in microbial biomass in kg ha d*.

Transformation rate of microbial biomass and associated products under optimal conditions

BMR
surface = 0.0164 d™* all other layers = 0.02 d"*(Parton et al., 1993, 1994)

bnl,2,3 Crop parameters expressing optimal N concentration as a function of crop development (HUI).

bpl,2,3 Crop parameters expressing optimal P concentration as a function of crop development.

bq Runoff coefficient in rational equation.

brl,2 root growth parameters dependent upon soil texture

bsa Mineral P flow coefficient.

BSA Soil layer base saturation in %.

bsl A fraction of the storage PO occupied by percolating water.
bv1,2 Parameters in reservoir volume-surface area equation.

bv3 Parameter in reservoir sediment deposition equation.



BW
bw1l
bw?2
bwn(1)
bwn(2)
bwn(3)
bx
BXCT
BYCT
CAC
CAF
CBW
CEC
Cf
CGWN
CHMX
CHN
CHP
CHS
CHT
CHXA
CIN
CLA
CLE
CLP

CMP

Furrow bottom width in m.

Parameter in mean wind speed equation.

Parameter in mean wind speed equation.

Wind erosion crop specific coefficient for STL

Wind erosion crop specific coefficient for STD

Wind erosion crop specific coefficient for RSD

Crop parameter in Penman-Monteith PET equation

Rate of change in annual rainfall from east to west in mm km™.
Rate of change in annual rainfall from south to north in mm km™,
Soil layer CaCO3 concentration in g t™.

Critical aeration factor for a crop.

Channel bottom width in m.

Soil layer cation exchange capacity.

Carbon fraction of organic materials (0.42; from data of Pinck et al., 1950)
Concentration of N in the groundwater in kg mm-™.

Maximum potential crop height in m.

Manning's n value of a channel.

Wetted perimeter of a channel in m.

Channel slope in m m™,

Crop height in m.

Channel cross sectional area at top bank in m2.

Inflow sediment concentration in t m™,

Clay content in soil layer in %.

Lake evaporation coefficient.

Concentration of labile P in the soil layer in g t™.

Humus mineralization rate constant in d1.



CNy SCS runoff curve number for moisture condition 1 (dry).

CN2 SCS runoff curve number for moisture condition 2 (average).
CNazs CN: value adjusted for watershed slope.

CN3 SCS runoff curve number for moisture condition 3 (wet).
CNI Inflow organic nutrient concentration in g t™.

CNO3 Concentration of NOs-N in kg mm™,

CNR C/N ratio of standing dead crop residue.

CO2 Atmospheric carbon dioxide concentration in g m=.
CON Concentration of organic N in g t™.

CP Concentration of P in the top soil layer in g t™.

CPHT Crop height in m.

CPRH Fraction of inflow partitioned to horizontal pipe flow.
CPRV Fraction of inflow partitioned to vertical pipe flow.
CPVH Horizontal pipe flow rate in mm d.

CPVV Vertical pipe flow rate in mm d.

CR Canopy resistance for vapor transfer in s m™.

CS Factor controlling biological processes.

CSN Soluble N concentration in the reservoir in kg m™.
CSP Soil layer concentration of labile P in g t.

CSS Channel side slope in m m™,

CTWwW Channel top width in m.

CuU Product of all RGF values above depth Z.

CVv Weight of all above ground plant material in t ha™.
CVF USLE crop management factor.

CVRS Aboveground crop residue in t ha™.

CvsC VSC routing coefficient.



CY

CYo
CY:1
CYn

CYu

D2

Ds

DD
DDM
DECR
DEGcn
DEG#
DEP
DEPch
DEPf,
DH
DHo
dHUF
Dl
Di2
DIAM

DKIN

DLT

sediment concentration in t m,

Reservoir sediment concentratin in t m= at the start of a day.
Potential sediment concentration for 1.0 m s velocity.
Normal sediment concentration in a reservoir in t m=,
Potential sediment concentration in t m= for the flow velocity VCH.
flow depth in m.

Distance between the subarea centroid and the storm center in km.
Water depth in m at the toe of the downstream dike.

Water depth in m at the toe of the upstream dike.

Soil temperature damping depth in m.

Daily potential increase in biomass in t ha™,

Decay rate constant for fresh organic P in d.

Channel degradation in t ha™.

Floodplain degradation in t ha™.

Sediment deposition in a reservoir in t.

Sediment deposition in the channel in t ha™.

Sediment deposition in the floodplain in t ha™.

Furrow dike height in m.

Dike height in m before settling.

Daily change in HUF.

Water surface distance between dikes in m.

Inflow depth in m for gi».

Soil particle diameter in m.

Distance between dike centers in m.

Slope of the saturation vapor pressure curve in kPa °C.



DM Total crop biomass in t ha™.

DMN Plant N demand in kg ha* d.

DMP Plant P demand in kg ha'* d.

DN Denitrification rate in kg ha™ d*.

Doz Outflow depth in m for qoo.

DP Maximum damping depth for the soil in m.

DPON Organic N reservoir deposition rate in kg d*.

DPRK Percolation rate from the groundwater storage in mm d.

DQ Volume of rainfall excess in mm for the time interval.

DR Sediment delivery ratio (sediment yield divided by gross sheet erosion).
dRFV rainfall amount in mm during a time interval DT in h,

DSB Change in base saturation needed to raise soil PH to 6.5.

DSTO Soil surface temperature in °C.

DT Time interval in h.

DT Reservoir routing time interval in h.

DTHY Routing time interval in h.

DU10 Wind speed in m s,

DUR Storm duration in h.

DVOL Furrow dike volume in mm.

DX Furrow flow depth in m.

Dz Soil layer thickness in m.

EA Saturation vapor pressure at mean air temperature in kPa.
EAJ Soil cover index.

ECEC Effective cation exchange capacity in cmol(p+) kg™.

ECF Correction factor that preserves long-term mean rainfall.



ED Vapor pressure at mean air temperature in kPa.

EF Tillage mixing efficiency.
El USLE rainfall energy factor.
EK USLE soil erodibility factor.

ELEV Elevation of the site in m.

ENO3 Amount of NOsz-N in kg ha™ moved upward by soil water evaporation.

EO Potential evaporation in mm d.

EO’ Potential evaporation rate in mm d* adjusted for rainfall interception.

EP Potential plant evaporation rate in mm d.

ER Enrichment ratio (organic N concentration in sediment to that of the top soil).
ES Potential soil water evaporation rate in mm d.

ESR Potential soil evaporation remaining after snow and litter evaporation in mm.
EV Evaporation from the reservoir in m2,

EVZ Total potential soil water evaporation in mm.

EXPK Power parameter in modified exponential rainfall distribution.

f Infiltration rate in mm h™,

F Rainfall frequency of occurrence.

FBIO RUSLE growing biomass factor.

FC Field capacity soil water content (33 kPa for many soils) in mm.

FD Mean wind unsheltered travel distance factor.

FDSF Furrow dike safety factor.

FFC Fraction of field capacity soil water storage.

FFC' Depth weighted FFC value.

FGC Fraction ground cover by the growing crop.

FHR Winter dormancy day length reduction factor.

FI Soil erodibility factor of the Woodruff and Siddoway (1965) model in t ha™™.



FI1
FL
FN
FOP
FP
FPO
FPL
FPN
FPS
FPW
FR
FRF
FRSD
FRUF
FT
FTM
FV
FW
FWV

GC
GMA
GP
GPo
GSlI

GWLN

Dimensionless soil erodibility factor of the new model.
Field length in km.

N fertilizer application rate in kg ha™.

Fresh organic P in crop residue in kg ha™.

Amount of pesticide that is intercepted by plants g ha™.
Pesticide on the plants at the start of the day in g ha™.
Floodplain length in km.

Manning's n value in a floodplain.

Floodplain slope in m m™,

Floodplain width in m,

Soil layer content of fresh crop residue in t ha™.

Wind erosion surface roughness factor.

RUSLE crop residue factor.

RUSLE soil random roughness factor.

Accumulated infiltration in mm.

Winter dormancy cold temperature reduction factor.
Wind erosion vegetative cover factor.

Field width in km.

Wind speed function in mm d* kPa™.

Fraction of the ground that is covered by plants.
Psychomotor constant in kPa °C™.

Amount of pesticide that reaches the ground in g ha™.
Pesticide in the soil at the start of the day in g ha.
Crops leaf resistance in s m™.

Groundwater N leaching rate in kg d.



GWMX
GWSN
GWSNo
GWST
GWSTo
GWSTH
HCL
HE

HI

HIA
HIMN
HIP
HIT
HLP
HLS
HMP
HMX
HPC
HPCTP
HPN

HPNTP

HPR

HRLT
HSC

HSCTP

Maximum groundwater storage in mm.

Soluble N content of groundwater in kg.

Soluble N content of groundwater at the start of a day in kg.
Groundwater storage volume in mm.

Groundwater volume at the start of a day in mm.
Groundwater threshold storage in mm.

Horizontal saturated flow rate in mm h.

Machine harvest efficiency.

Optimal harvest index for a crop.

Harvest index used to estimate yield of a crop.

Minimum value of harvest index.

Potential value of harvest index.

Harvest index as a function of heat unit accumulation
Pesticide half life on the plants in d.

Pesticide half life in the soil in d.

Humus P mineralization rate in kg ha* d.

Maximum height for a particular crop in m.

Weight of C present in passive humus in kg ha™.

Potential C transformation rate in passive humus in kg ha™* d*.

Weight of N present in passive humus in kg ha™.

Potential N transformation rate in passive humus in kg ha* d2.

Passive humus transformation rate under optimal conditions (subsurface layers =

0.000012 d1) (Parton et al., 1993, 1994)
Day length in h.
Weight of C present in slow humus in kg ha™.

Potential C transformation rate of slow humus in kg ha* d..



HSN

HSNTP

HSR

HST

HU

HUF
HUI
HUIp
HV
IDA

IPST

KD

KOC

LAG
LAI
LAI'
LAlo

Lc

Lca

LM
LMC
LMCTP

LMF

Weight of N in slow humus in kg ha™.
Potential N transformation rate in slow humus in kg ha™* d*.

Slow humus transformation rate under optimal conditions (all layers=0.0005 d)
(Parton et al., 1993, 1994; Vitousek et al., 1993)

Soil water storage in a soil layer for half SPLG in mm.
Number of heat units accumulated during a day in °C.

Heat unit factor.

Heat unit index (accumulated HU/PHU).

Value of HUI when LA starts declining.

Latent heat of vaporization in MJ kg™

Day of the year.

Growing season length in d.

Decay constant in exponential rainfall rate distribution in h.

P sorption coefficient (P concentration of the sediment divided by that of the water in m®t.
Linear adsorption coefficient for organic carbon.

Channel length from the most distant point to the watershed outlet in km.
Soil temperature lag coefficient (considers previous day's temperature).
Leaf area index of the crop.

LAI at the end of the day.

LAI at the beginning of the day.

Average channel flow length for the watershed in km.

Distance from the outlet along the channel to the watershed centroid in km.
Weight of metabolic litter in kg ha™.

Weight of C in metabolic litter in kg ha™.

Potential transformation of C in metabolic litter in kg ha® d.

Fraction of the litter that is metabolic.



LMN Mass of N in metabolic litter in kg ha™.
LMNF Fraction of metabolic litter that is N in kg kg™.
LMNTP  Potential transformation of N in metabolic litter in kg ha™* d.

Metabolic litter transformation rate under optimal conditions (surface = 0.0405 d* all

LMR other layers = 0.0507 d!) (Parton et al., 1994)

LPF Labile P uptake factor--allows optimum uptake rates when CSP is above 20 g t™.
LS Weight of structural litter in kg ha™.

LSC Weight of C in structural litter in kg ha™.

LSCTP Potential transformation of C in structural litter in kg ha® d.

LSF Fraction of the litter that is structural.

LSL Weight of lignin in structural litter in kg ha™.

LSLCTP  Potential transformation of C in lignin of structural litter in kg ha™* d.
LSLF Fraction of structural litter that is lignin in kg kg™.

LSLNCTP Potential transformation of C in non-lignin structural litter in kg ha™* d*.
LSN Weight of N in structural litter in kg ha™.

LSNF Fraction of structural litter that is N in kg kg™.

LSNTP Potential transformation of N in structural litter in kg ha™* d.

Structural litter potential transformation rate under optimal conditions (surface = 0.0107

LSR d! all other layers = 0.0132 d!) (Parton et al., 1994)
MPR Mineral P flow rate in kg ha'* d2.

n Manning's channel roughness factor.

ND Number of days in a month.

NDD Number of dry days in a month.

NSA Number of subareas in the watershed.

NWD Number of wet days in a month.

NY Rainfall record length iny.

@) Percolation flow rate for a soil layer in mm d.



OFV
OX
P(W|D)
P(WIW)
pl
pl4d
p18
p2
p24
p31
p5

p7
p73
p9
PAEF
PAPE
PAPR
PAR
PB
PCH
PCT
PCTO
PCV
PE
PH

PO

Overland flow velocity in m s™.

Oxygen factor controlling biological processes as a function of depth.
Probability of a wet day following a dry day.

Probability of a wet day after a wet day.

Parameter in Penman-Monteith PET equation.

Ratio of NO3-N runoff concentration to that of percolate.
Exponential parameter in Bagnold's sediment transport equation.
Threshold bulk density for root stress for a soil of zero sand content.
Ratio of pesticide concentration in runoff to that of percolate.
Sediment routing exponent ranging from 1.0 to 1.5.

Fraction of wilting point--lower limit of plant water use.
Weights N fixation between basic estimate and plant N demand.
Parameter in hydrograph development equation.

Threshold 30-day rainfall amount for pest damage in mm.
Pesticide application efficiency.

Effective amount of pesticide applied in kg ha™.

Actual amount of pesticide applied in kg ha™.

Intercepted photosynthetic active radiation in MJ m2 dL.
Barometric pressure in kPa.

Pesticide concentration in horizontal flow in g t.

Sediment particle size distribution in %.

Outflow sediment particle size distribution in %.

Pesticide concentration in vertical flow in g t™.

USLE erosion control practice factor.

Soil layer pH.

Soil porosity volume in mm.



PO1 Porosity minus field capacity of the top 1 m of soil in mm.

PSP P sorption coefficient.
PSQC Pesticide concentration in the water in g t,
PST Minimum pest factor value for a crop.

PSTD Daily pest index.

PSTE Pesticide kill fraction.

PSTF Simulated pest factor.

PSTL Amount of pesticide leached in g ha™.

PSTS Accumulated daily pest index.

PSTX Pest damage scaling factor.

PSTY Pesticide yield adsorbed to the sediment in kg ha™.
PSYC Concentration of adsorbed pesticide in g t™.
PSZM Mean sediment particle size of the inflow in um.

PSZMo Mean sediment particle size of the outflow in um.

PW Probability of a wet day.

PX Furrow wetted perimeter in m.

Q Runoff volume in mm.

q Flow rate in m3 s,

Oc Average flow rate in m® s,

Q1 Average flow rate from a 1-ha area in mm h™.
Jc Average flow rate in mm h.

QCH \Volume of flow through a reach channel in mm.
Ocp Channel capacity in m® s,

Qfp Floodplain flow rate in m*s™.

QH Horizontal flow rate in soil layer in mm d.



Qhy
Ql

Qi2
QNI
QNO
QNO3
QO
(o1
(o2

Op
O
QPX
QPX'
QRF
QT
QV
QXM

RA
RAD
RAMX
RAW
RBO
RCHL

RD

Subarea hydrograph outflow rate in m* s™.

Inflow rate in mm d* or m3 d.

Reach inflow rate in m® st at the start of the routing interval.
Reach inflow rate in m® s at the end of the routing interval.
Soluble N reservoir inflow rate in kg d2.

Soluble N reservoir outflow rate in kg d.

Amount of NO3-N lost from a soil layer by runoff and leaching kg ha™.
Outflow from reservoir in m2,

Reach outflow rates in m® s at the start of the routing interval.
Reach outflow rates in m® st at the end of the routing interval.
Peak runoff rate in m3 s,

TR-55 peak rate per unit of rainfall in h.

Furrow irrigation flow rate in mm h.

Furrow irrigation flow rate in m3 s,

Quick return flow rate in mm d.

Percolation volume in mm.

Vertical flow rate in soil layer in mm d*.

Irrigation application volume in mm.

Rainfall rate in mm ht,

Mean daily solar radiation in MJ m?2 d.

Daily mean solar radiation on dry days in MJ m2 d.
Maximum daily solar radiation in MJ m2 d.

Daily mean solar radiation on wet days in MJ m2 d™.

Net outgoing long wave radiation in MJ m2 d™.

Routing reach channel length in km.

Root depth in m.



RDMX
RE

rep
RFI
RFPK
RFPL
RFPS
RFRA
RFTT
RFV
RFV s
RFV 54
RFV sy

RFV24

RFVTC

RGF
RH
RHD
RHG
RHG'
RHL
RHP
RHT
RHTT

RHU

Maximum root depth for a crop in m.

Rainfall energy for water erosion equations.

Peak rainfall excess rate in mm h,

Intercepted rainfall in mm.

Groundwater flow partitioning coefficient.

Reach floodplain length in m.

Reach floodplain slope in m m™.

Rainfall on the reservoir in m=,

Groundwater storage residence time in d.

Rainfall that arrives on the soil surface in mm
Maximum storm rainfall in mm occurring in 0.5 h.
Mean maximum 0.5-h rainfall amount in mm for a month.
Maximum 0.5-h rainfall amount in mm for frequency F.

24-h duration rainfall volume in mm.
Maximum rainfall volume during the watershed's time of concentration in mm.

Minimum root growth stress factor.

Monthly long-term average relative humidity.

Daily mean relative humidity on dry days.

Generated relative humidity.

Generated relative humidity adjusted to the mean of the triangular distribution.
Lower limit for generated relative humidity for the day.

Peak of the triangular relative humidity distribution (RHW or RHD).

Input ridge height for a tillage operation in m.

Ridge height in mm.

Upper limit for generated relative humidity for a day.



RHW Daily mean relative humidity on wet days.
RIF Wind erosion ridge roughness factor.
RIMX Maximum possible intercepted rainfall for an event in mm.

RINT Ridge interval in m.

RLA Lime required to neutralize Al in t ha™,

RMP Mineralization rate of fresh organic P in kg ha™* d*.
RN Net radiation in MJ m=2 d*.

rnd Uniform random number (0.0-1.0)

RNIT Nitrification rate in kg ha* d.

RNV Combined nitrification and volatilization kg ha™ d*.
ROK Coarse fragment content of a soil layer in %.

ROKF Coarse fragment factor in soil erosion equations.

rp Peak rainfall rate in mm h,

RR Flow rate through the principal spillway in m® d..
RRF Clod roughness factor.

RRUF Soil surface random roughness in mm.

RSD Flat crop residue in t ha™,

RSDM Manure on the soil surface in t ha™.

RSFN Groundwater return flow N rate in kg d*.
RSHC Hydraulic conductivity of the reservoir bottom in mm h,
RSON Organic N content of a reservoir in kg.

RSONpo Organic N content of a reservoir in kg at the start of a day.

RSSA Reservoir surface area in ha.
RSSF Groundwater return flow rate in mm d*.
RSSN Soluble N content in a reservoir in kg.

RSSNo Soluble N content in a reservoir at the start of a day in kg.



RSV
RSVo
RSVE
RSVP
RSY
RSYo
RTP
RUE
RVOL
RW
RW,
RWT
RZ

RZLN

S1

S2

S3
SALB
SAN
SAT
SATK

SC

SD

Reservoir water content in m3,

Reservoir water content at the start of the day in m2.

Reservoir storage volume in m® at the emergency spillway elevation.
Reservoir storage volume in m® at the principal spillway elevation.
Reservoir sediment content in t.

Reservoir sediment content in t at the start of the day.

The rainfall volume at tp in mm.

Radiation use efficiency factor for converting energy to biomass in (kg ha™)/(MJ m?).
Volatilization rate in kg ha* d.

Total root weight in t ha™.

Total root weight in t ha* at the beginning of a day.

Root weight by soil layer in t ha™.

Minimum of soil profile depth and RDMX in m.

Root zone N leaching rate in kg d.

SCS runoff retention parameter.

SCS runoff retention parameter adjusted for frozen soil.

SCS runoff retention parameter associated with CNj.

SCS runoff retention parameter associated with CNo.

SCS runoff retention parameter associated with CNs.

Soil albedo.

Sand content of the soil in %.

Soil saturation factor.

Soil saturated conductivity in mm h,

Saturated conductivity of a soil layer in mm h.,

Sun’s declination angle in radians.



SDRA
SEP
SEV
SEV'
Sf
SFL
SFV
SIA
SIL
SL
SMB
SML
SMLA
SMXo
SN
SNO

SNOF

SNPKT

SNS
SP
SPLG
SPN
SPP
SS

SSF

Standard deviation of daily solar radiation in MJ m2 d.

Reservoir seepage loss in m®.

Potential soil evaporation for a soil layer in mm.

Adjusted soil water evaporation in mm based on limited soil water content.
Fraction of mineral N sorbed to litter: 0.05 for surface litter, 0.1 for belowground litter.
TR-55 shallow flow length in km.

Average shallow flow velocity in km h.

Reach storage plus the inflow volume in m during DTHY.

Silt content of the soil in %.

USLE slope length and steepness factor.

Sum of the bases in cmol kg™.

Snowmelt rate in mm d.,

Leaf-area-index of the plant stand.

Sum of the material in TLD before mixing in kg ha™.

N stress factor for a crop.

Snow present in mm of water.

Snow cover factor used in soil temperature equations.
Snow pack temperature in °C.

Scaling factor for N stress.

P stress factor for a crop.

Upland slope length in m.

Total soil profile N supply in kg ha™t dL.
Total soil profile supply of P in kg ha™* d.
Root growth soil strength stress factor.

Subsurface flow rate in mm d.



ST Soil water content in the root zone in mm.

ST Water content minus field capacity of the top 1 meter of soil in mm.
STas Water content at WP+0.25(FC-WP) in mm.

STD Standing crop residue in t ha™.

STDo Standing crop residue before tillage in t ha,

STDL Weight of lignin in STD in kg ha™.
STDN Weight of N in STD in kg ha™.

STDNE  Standing dead N after enrichment with sorbed N in a soil layer in kg ha™.

STH Watershed storage volume in mm at the end of the time interval in h.
STHo Watershed storage volume in mm at the start of the time interval in h.
STL Standing live biomass of the crop in t ha™.

STL Standing live biomass at the end of the day in t ha™.

STMP Soil layer temperature in °C.

STMPg Soil layer temperature for previous day in °C.

STP Average slope of the watershed in m m™,

STS Root growth temperature stress for a crop.

SWF Nutrient cycling soil water factor.

SWH Accumulated plant water use in mm between HUI values of 0.5 and 1.0.

SWLT Water stored in the litter in mm.

SZ Scaling factor in soil settling equation.
T1 Water tension in soil layer 1 in kPa.
T2 Water tension in soil layer 2 in kPa.

TAGP Above ground plant material in t ha™.
TBP Tillage factor for biological processes.

TBSC Crop-specific base temperature in oC.



TC Watershed time of concentration in h.

TCc Time of concentration for channel flow in h.
TCS Time of concentration for surface flow in h.
TCSF Time of concentration for shallow channel flow in h.

TDMX Daily mean maximum temperature for dry days in °C.

TDP Time required for reservoir to return to normal concentration in d.
TDST Deviate drawn from a triangular distribution.

TFN Nutrient cycling temperature factor.

THW Wind direction clockwise from north in radians.

TK Mean daily air temperature in °K.

TLAI Leaf area index of mixed plant stand.

TLD Tillage depth in m.

TMN Daily minimum air temperature in °C.

TMX Daily maximum air temperature in °C.

TNO3 NO3-N content in the soil root zone in kg ha™.

TOPC Optimal temperature for a crop in °C.

tp Time to peak of the storm in h.

tpu Time to peak of the dimensionless rainfall distribution.
TRT Reach floodplain travel time in h.

TS Plant temperature stress factor.

TSNO Age of the snow pack in d.
TT Travel time through a soil layer in h.
TTH Horizontal travel time through a soil layer in h.

TTr Travel time through a routing reach in h.



TTv
T™W
TW

TW3

TWMX

X

ulo
U10
ucC
UF
UN
UN'
UN1
UNM
UNO
UP
UP'
UP1
USTR
USTRT
uw
UXx

uzz

Vertical travel time through a soil layer in h.
Water surface width at depth DH in m.
Water surface width in m at depth Do.

Water surface width in m at depth Ds.

Daily mean maximum temperature for wet days in °C.

Mean daily air temperature in °C.

Threshold friction velocity in m s2.

Wind speed at f fraction of the day in m s™.

Mean daily wind speed at 10 m height in m s,

Soil layer plant water use compensation factor.

Upward flow rate in a soil layer in mm d2.

Rate of N supplied by the soil in kg ha™* d™2.

The actual plant N uptake rate in kg ha™* d2.

Actual N content of the crop in kg ha™.

Crop N uptake rate in kg ha* d2.

Optimal N content for the crop in kg ha™.

Rate of P supplied by the soil in kg ha* d.

Actual plant P uptake rate from a soil layer in kg ha* d2.
Actual P content of the crop in kg ha™.

Friction velocity in m s,

Threshold friction velocity in m s2.

Plant water use rate in a soil layer in mm d.

Potential water use rate in mm d.

Daily mean wind speed adjusted for the crop height in m s,

Flow velocity in m s™.



VCH Channel flow velocity in m s,

VFP Floodplain flow velocity in m s
VGF Wind erosion vegetative cover equivalent factor.
VPD Vapor pressure deficit in kPa.

VPTH Threshold vapor pressure for the crop kPa.

VX Furrow irrigation flow velocity in m s,
wl Parameter in CN-soil water relationship.
w2 Parameter in CN-soil water relationship.

WAVP Crop parameter relating RUE and VVPD.
WDRM Minimum day length for the location plus 1.0 in h.

Calculated N fixation rate considering growth stage, soil water content, and soil N

WEX content in kg ha* d2.

WFX' Final adjusted N fixation rate in kg ha™ d*.

WIP P immobilization rate in kg ha d*.

WL Unsheltered field length along the prevailing wind direction in km.
wnl Descent angle of saltating sand grains in degrees.

wn2 Angle of the wind relative to ridges in radians

wn3 Wind erosion distance of run parameter.

wn4 Wind erosion rate parameter.

WNF Nitrification-volatilization wind speed factor.

WNH3 Weight of NH3 in a soil layer in kg ha™.

WNO3 NO3-N content in a soil layer in kg ha™.

WNO3' NO3-N content at the end of a day in kg ha™.

WO Amount of pesticide washed off the plants by a rainstorm in g ha™.
WOC Organic carbon content of the soil in %.

WOF Washoff fraction for the particular pesticide.



WP
WPMA
WPML
WPMS
WPO
WS
WSA
WSYF
WTBL
WTMN

WTMX

Xo

XBMmT

XCS
XCT
XCU
XKP1
XKP2
XLAI

XLsLF

XSL

YCS

YCT

Wilting point soil water content (1500 kPa for many soils) in mm.
Soil layer active mineral P content in kg ha™.

Soil layer labile P content in kg ha™.

Soil layer stable mineral P content in kg ha™.

Soil layer organic P content in kg ha.

Water stress factor for a crop.

Watershed area in ha.

Minimum harvest index for a crop.

Depth in m from the soil surface to the water table.
Minimum annual water table depth in m.

Maximum annual water table depth in m.

Amount of the material in a soil layer after mixing in kg ha™.
Amount of the material in a soil layer before mixing kg ha™.

Microbial biomass transformation control by soil texture and structure. Its values:
surface litter layer = 1; all other layers = 1 (1 0.0075 x (SIL+CLA)

Minimum x coordinate of the subarea centroids in km.

x coordinates of the subarea centroids in km

Maximum x coordinate of the subarea centroids in km.

Exponential parameter in simulated rainfall distribution in h.

Exponential parameter in simulated rainfall distribution in h.

Maximum leaf area index for a crop.

Control on potential transformation of structural litter by lignin fraction of structural litter.
x scale of the box around the watershed for generating spatially distributed rainfall.
Sediment yield in t ha™.

Minimum y coordinate of the subarea centroids in km.

y coordinates of the subarea centroids in km.



YCU Maximum y coordinate of the subarea centroids in km.
Yl Sediment inflow in t ha™.

YLAT Latitude of the site in degrees.

YLD Amount of the crop removed from the field in t ha™.

YMNU Manure erosion in t ha™.

YNO Organic nutrient (N or P) outflow in kg ha™.

YO Sediment outflow in t ha*.

YON Organic N runoff loss in kg ha™.

YON; Organic N reservoir inflow rate in kg d.

YONo Organic N reservoir outflow rate in kg d*.

YP Sediment phase P lost in runoff in kg ha™.

YSL y scale of the box around the watershed for generating spatially distributed rainfall in km.
YSP Soluble P in kg ha't lost in runoff.

YU Potential change in sediment yield in t ha® within a routing reach.

YW Wind erosion in kg m™,

YWR Integral of the wind erosion rate over the duration of wind greater than threshold velocity.
YWR' Wind erosion rate in kg m? s,

Z Soil depth in m.

Z0 Surface roughness parameter in m.

Z5 Depth to the center of a soil layer in mm.

ZCH Channel depth in m.

ZD Displacement height of the crop in m.

ZFP Floodplain flow depth in m.

Subarea rainfall weighting factor accounts for rainfall duration, distance between subarea centroid,

ZTP . .
and storm center and rainfall gradient.
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